


MOS Memory 
Data Book 


1986 


Commercial and Military 


Specifications 








TEXAS © 
INSTRUMENTS 














‘Ss (LAD \Al She aan om 


General Information Hi 
Interchangeability Guide . 2 eux 


Glossary/Timing Conventions/Data Sheet Structure § 3 de ite 


Dynamic RAMs fa a 


« Dynamic RAM Modules MG 















EPROMs/PROMs [i 












Military Products fatwa as 
| ' Applications Information : 9. a 









Logic Symbols 10 


11 


Mechanical Data 





ESD Guidelines [| 12 


MOS Memory 
Data Book 


Commercial and Military 
Specifications 





TEXAS 
INSTRUMENTS 


IMPORTANT NOTICE 


Texas Instruments (TI) reserves the right to make changes in the 
devices or the device specifications identified in this publication 
without notice. TI advises its customers to obtain the latest version 
of device specifications to verify, before placing orders, that the 
information being relied upon by the customer is current. 


TI warrants performance of its semiconductor products, including SNJ 
and SMJ devices, to current specifications in accordance with Tl’s 
standard warranty. Testing and other quality control techniques are 
utilized to the extent TI deems such testing necessary to support this 
warranty. Unless mandated by government requirements, specific 
testing of all parameters of each device is not necessarily performed. 


In the absence of written agreement to the contrary, Tl assumes no 
liability for Tl applications assistance, customer's product design, or 
infringement of patents or copyrights of third parties by or arising from 
use of semiconductor devices described herein. Nor does TI warrant 
or represent that any license, either express or implied, is granted 
under any patent right, copyright, or other intellectual property right 
of TI covering or relating to any combination, machine, or process in 
which such semiconductor device might be or are used. 


Specifications contained in this data book supersede all data for these 
products published by TI in the United States before November 1985. 


Copyright © 1985, Texas Instruments Incorporated 


INTRODUCTION 


The 1986 MOS Memory Data Book from Texas Instruments includes complete detailed specifications on the 
expanding MOS Memory product line including Dynamic Random-Access Memories (DRAMs), Single-In-Line 
Package DRAM Memory Modules (SIPs), Eraseable Programmable Read-Only Memories (EPROMs), MOS one- 
time Programmable Read-Only Memories (PROMs), and Read-Only Memories (ROMs) for the United States 
market. Also provided are military specifications for the DRAM product line. This is TI’s first MOS Memory data 
book to include specifications for complementary MOS (CMOS) memory devices (which now span all MOS 
Memory product lines). Surface-mount packaging is now available on all 64K, 256K and 1 MEG DRAMs and 
CMOS ROMs. Another packaging option for DRAMs is the SIP which can increase memory density by over 
3.5 times that of dual-in-line packages. 


This data book is divided into 12 sections. Section 1, General Information, includes the table of contents, an 
alphanumeric index for quickly finding device numbers, plus a device selection guide and a product reference 
guide for quick overview of the broad TI MOS Memory product line. Page numbers are included on the product 
reference guide for easy access to the detailed specifications. In Section 2, the Interchangeability Guide lists 
alternate vendor part numbering examples in addition to alternate sources to TI devices (based on published 
data). Product specifications for 71 devices can be found in Sections 4 through 8. 


Recently published design considerations, product applications, and technical articles can be found in Section 
9. Also included is a section (Section 12) on guidelines for handling ESD sensitive devices, since all MOS Memory 
devices are ESD sensitive. 


The data sheets within each section are in alphanumeric order; Product Preview information is included at the 
end of the section. Data Sheets listed with a ‘‘TMX’’ prefix and Product Preview disclaimer include target 
specifications for products that are currently under development at TI. The inclusion of these specifications 
does not imply that these products are or will be in production, or will meet these parameters. 


Additional and/or updated information on these products is available from: 


Texas Instruments 
Literature Response Center 
P.O. Box 809066 
Dallas, Texas 75380-9066 


For ordering information or further assistance, please contact your nearest Texas Instruments Sales Office or 
authorized distributor as listed in the back of this book. 
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DRAMs, EPROMs, PROMs, ROMs 
REFERENCE GUIDE 


™4S2732A 


EPROMs 


TMS2764 
TMS27C64 


DRAMs 
TMS4416 
SMJ4416 


EPROM 


TMS4116 T™4S27C128 


EPROM 
TMS27C256 


(256K) 
EPROM 


TMX27C512 


DRAMs 


TMS4161 
™MS4164 
SMJ4161 
SMJ4164 


DRAMs 


TMS4464 
' ™X4461 


(128K) 
DRAM 


T™4S41128B 
(256K) (1024K) 


DRAMs 

TMS4256 
TMS4257 
SMJ4256 
SMJ4257 


DRAMs 
* TMX44C256 
TMX44C257 
T™MX44C259 


(1024K) 
DRAMs 
TMX4C 1024 
TMX4C 1025 
TMX4C 1026 
TMX4C 1027 
TMX4C 1029 


Numbers in parentheses indicate overall complexity. 


! 
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TMS27P32A 


PROM 


TMS27P64 


PROM 
TMX27PC128 


PROM 


TMX27PC256 


™4S2332 
T™1S4732 


ROMs 
T™MS2364 
TMS4764 
(128K) 
ROM 
™4S47128 


(256K) 
ROMs 


TMS47256° 
TMS47C256 
(512K) 
ROM 
TMS47C512 


(1024K) 
ROM 


TMS47C 1024 





DYNAMIC RAM MODULE 
REFERENCE GUIDE 


BITS PER WORD 
Tuasvexus [| _————*d 


64K Multiport 
Video RAM 


(256K) 
TM4161EV4 
T™4161GW4 
T™4161GY4 

(1024K) 
TM4256EC4 
TM4257EC4 


(2048K) 
TM4256HE4 


TM4164E05 


(320K) 
TM4161EP5 


(1280K) 
TM4256EQ5 
TM4257EQ5 


(512K) 
T™M4164FL8 
TM4164FM8 
TM4464LU8 


~ (2048K) 
TM4256FL8 
T™M4257FL8 
TM4256GU8 
T™M4257GU8 
TM4256GP8 
TM4256GV8 


(576K) 
TM4164EL9 
TM4164FM9 


(2304K) 
TM4256EL9 
TM4257EL9 
TM4256GU9 
TM4257GU9 
TM4256GP8 
TM4256GV9 
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(1024K) 
TM4256FC1 
TM4257FC1 
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Power 
Supplies 


Power Dissipation 


DRAM SELECTION GUIDE 
Time Max (mW) 


Access Time 
Density | Device Number | Organization Max (ns) 
ta(R) Min (ns) | Active | Standby | 
™4S4116-15 150 375 
T™4S4116-20 200 375 +5, 12 
ee) Se el el 
120 230 264 28 
150 260 
200 330 
fe) 
10 


Cycle 


Packaget 



























T™MS4416-15 
TMS4416-20 






0 
T™MS4116-25 5 
T™S4164-12 
T™MS4164-15 248 28 
TMS4164-20 0 204 28 
120 230 297 28 
150 260 264 28 
200 330 
64K X 1, 
Multiport 
Video RAM 
256K X 1, 128 e20 
Page Mode ee ae 
20 330 
120 230 413 
acek eA 150 260 358 
20 330 275 







T™MS4161-15 
T™S4161-20 






TMS4256-12 
TMS4256-15 
TMS4256-20 
TMS4257-12 
TMS4257-15 
TMS4257-20 
TMS4464-12 
TMS4464-15 
T™MS4464-20 
























TMS4416-12 
231 28 
Nibble Mode 
440 28 


120 230 
200 330 330 28 
64K X 4, 
Multiport 
Video RAM 
100 200 
150 260 
100 200 
150 260 
Plastic Chip. Carrier 
DJ = Plastic SOJ Package 


+Preliminary Target Specifications for product under development by TI. 


4-117 








™X4461-12 
™1X4461-15+ 


TBD TBD 


24 
TBD TBD 







TMX4C102_-10 
TMX4C102_-12+ 
TMX4C102_-15+ 
TMX44C25_-10 
TMX44C25_-12+ 
TMX44C25_-15+ 






4-17 

4-75 

4-75 
4-137 










pe | mae | 
ef mo 
| me | 





tN = Plastic DIP 
Plastic Chip Carrier 
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DYNAMIC RAM MODULE SELECTION GUIDE 





























































c 
Cycle Power 2 
Access Time ~ 
—____ Min (ns) (V) Aes | Standby | E 
TM4164EC4-12 120 230 1056 =~ 
TM4164EC4-15 64K X 4 150 260 992 Leaded © 
™M4164EC4-20 200 330 816 2 
Tmatereva-is | S4K m i 150 240 2092 | 440 baciad o 
TM4161ev4-20 | Multiport 200 315 1980 | 440 on 
Video RAM 
Peso TSW e gee ane pes Socketable 5-47 
TM4161GW4-20 | nam 1980 40 
tuaieicy4-15 | o4« * ss 2092 | 440 
TM4161GY4-20 | _Multiport 1980 | 440 aati (eed 
Video RAM 
TM4161EP5-15 eee 240 2615- ee nee 
TM4161EP5-20 | Ve eam 315 2475 
TM4164EQ5-12 120 230 1320 140 
TM4164EQ5-15 | 64K X5 150 260 1240 140 Leaded 
™M4164EQ5-20 200 330. 1020 140 
TM4164FL8-12 120 230 2112 224 
™M4164FL8-15 64K X 8 150 260 1984 224 Leaded 
TM4164FL8-20 200 330 1632 224 
TM4164FM8-12 120 230 2112 224 
TM4164FM8-15 | 64K X8 150 260 1984 224 Socketable 
TM4164FM8-20 200 330 1632 224 Po. 
TM4464LU8-12 880 
jae [rneasawere | %® | seo | zoo | © | 70] _s6_| 22 | Seetole | 6207 | 
TM4164EL9-12 120 230 2376 
576K | TM4164EL9-15 64K X 9 150 260 2232 Leaded | 5-67 
TM4164EL9-20° 200 330 1836 
TM4164FM9-12 120 230 2376 
576K | TM4164FM9-15 | 64K X 9 150 260 2232 Socketable | 5-67 
™M4256FC1-12t 120 230 429 99 
™M4256FC1-15t 150 260 374 99 Leaded 5-181 
™4256FC1-20t 200 330 . 319 99 
TM4256EC4-121 120 230. 
TM4256EC4-15t| 256K X 4 150 260 Leaded 
TM4256EC4-20T 200 330 


Continued next page. 


TAIl 256K DRAM SIPs available with page-mode access (TM4256___) or nibble-mode access (TM4257 


cs _..). 
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SELECTION GUIDE 


DYNAMIC RAM MODULE SELECTION GUIDE (CONCLUDED) 


Density | Device Number 
TM4256EQ05-127 120 
TM4256EQ5-15t] 256K X 5 150 
TM4256EQ5-201 200 

120 
150 
200 
120 
256K X 8 150 
200 


TM4256FL8-12t 
120 
256K X 8 150 
200 


TM4256FL8-15t 
™M4256FL8-20t 
TM4256GU8-12t 
TM4256GU8-15t 

120 

256K X 8 150 

200 

120 

512K X 4 150 - 

200 

120 

256K X 9 150 

200 

120 

256K X 9 150 

, 200 


TM4256GUB8-20T 
120 
256K X 9 150 
200 
120 
256K X 9 150 
200 


TAIl 256K DRAM SIPs available with page-mode access (TM4256 


Cycle 
Time 
Min {ns) 


Access Time 
Max ins) 


UONBUUOJU] [e1BUIaH Be 


TM4256GP8-12t 
TM4256GP8-15t 
T™M4256GP8-20t 


TM4256GV8-12T 
T™M4256GV8-15t 
™M4256GV8-20t 


TM4256HE4-121 
TM4256HE4-15t 
TM4256HE4-20t 


TM4256EL9-12t 
TM4256EL9-15+t 
TM4256EL9-20t 
TM4256GU9-12t 
TM4256GuU9-15T 
™4256GU9-20T 


TM4256GP9-12t 
TM4256GP9-15t 
TM4256GP9-20T 





™M4256GV9-12t 
TM4256GV9-15t 
TM4256GV9-20t 





) or nibble-mode access (TM4257___). 





ec 
l= 


Low Profile, 
Socketable 


5-225 


with Presence 
Detect 


Low Profile, 
Leaded 

with Presence 
Detect 


Socketable 

with Presence] 5-137 
Detect 

Low Profile, 
Socketable 

with Presence 

Detect 

Low Profile, = 





Leaded with 
Presence 
Detect 
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SELECTION GUIDE 


pope nm 





EPROM SELECTION GUIDE 


Power . 
. Power Dissipation 
Density | Device Number | Organization | Process neces rime Supply/ Max (mW) 
Max (ns) Tolerance 

TMS2732A-17 

TMS2732A-20 

T™MS2732A-25 aes 

TMS2732A-45 

™MS2764-17 

TMS2764-20 

T™MS2764-25 BRS 

TMS2764-45 


TMS27C64-1 

TMS27C64-15+* 5 + 10% 
™MS27C64-2+ 5 + 5% 
T™MS27C64-20 5 + 10% 
™S27C64+ 5 + 5% 
ost TMS27C64-25 aes Mos 5 + 10% 14 
™MS27C64-3 5 + 5% 
T™MS27C64-30+ 5 + 10% 
TMS27C64-4# 5 + 5% 
TMS27C64-45+ 5 + 10% 
TMS27C128-1 5 + 5% 
TMS27C128-15 5 + 10% | - 
TMS27C128-2 5 + 5% 
TMS27C128-20 : 5 + 10% 
TMS27C128 5 + 5% 
TMS27C128-25 HoRxS ene ) 15 + 10% 
T™MS27C128-3 5 + 5% 
TMS27C128-30 5 + 10% 
TMS27C128-4 5+ 5% 
TMS27C128-45 5 + 10% 
TMS27C256-1 5 + 5% 
TMS27C256-17 5 + 10% 
TMS27C256-2 5+ 5% 
TMS27C256-20 5 + 10%. 
TMS27C256 5 + 5% 
TMS27C256-25 sy Baa a 5 + 10% 7 
TMS27C256-3 5 + 5% 
TMS27C256-30 5 + 10% 
TMS27C256-4 5 + 5% 
TMS27C256-45 5 + 10% 


Continued next page. 
TJ = Ceramic DIP 
+ Advance information for product under development by TI. 





ps fo 
2 few 
‘+ 
+ 
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SELECTION GUIDE 





EPROM SELECTION GUIDE (CONCLUDED) 


Power 
Access Time ue Supply/ 
Density | Device Number | Organization | Process Time said 
Max (ns) Tolerance 
Min (ns) (Vv) 





T™MX27C512-2 

™1X27C512-20? 
™MX27C512+ 

™MX27C512-25+ 

™MX27C512-3+ a Ne 
™X27C512-30* 

™X27C512-44 

™X27C512-45* 


ty = Ceramic DIP 
t Preliminary Target Specifications for product under development by TI. 


PROM (OTP) SELECTION GUIDE 
; : Power 
Cycle 
I 
Density | Device Number | Organization] Process mecess. Time Time Supply! 
Max (ns) Tolerance 
Min (ns) 
(V) 
TMS27P32A-25 
TMS27P32A-30 4KX8 
TMS27P32A-45 
TMS27P64-25 
TMS27P64-30 8K X 8 
TMS27P64-45 


TMX27PC128-2 
TMX27PC128-20? 
T™MX27PC128+ 
TMX27PC 128-25 
TMX27PC128-3+ a a 
TMX27PC128-30* 
TMX27PC 128-44 
TMX27PC 128-45 
TMX27PC256-2 
TMX27PC256-20* 
TMX27PC256+ 
TMX27PC256-25* 
TMX27PC256-3? ores 
TMX27PC256-30 
TMX27PC256-47 
TMX27PC256-45+ 


tN = Plastic DIP 
+ Preliminary Target Specifications for products under development by TI. 


1-14 | Texas wy 


INSTRUMENTS 


POST OFFICE BOX 1443 @ HOUSTON, TEXAS 77001 


Power Dissipation 
Max (mW) 


Power Dissipation 
Max (mW) 


[ Retive [Standby 


657 


- ae 








SELECTION GUIDE 





ROM SELECTION GUIDE 


A oe Power Dissipation 
Density Device Number | Organization | Process tips Max (mW) Packaget 
; Max (ns) 
[Active | Standby| 
TMS2332-15 
32K T™MS2332-20 330 24 
™S2332-25 


TMS4732-15 
TMS4732-20 
1™MS4732-25 
64K, JEDEC | TMS2364-15 
Approved TMS2364-20 
Pinout TMS2364-25 


™MS4764-15 
T™MS4764-20 8K X 8 200 
T™MS4764-25 250 
T™MS47128-20 200 
™MS47128-25 16K X 8 250 
™MS47128-35 350 
™MS47256-20 
T™MS47256-25 32K X 8 
™S47256-35 
™S47C256-15+ 
T™MS47C256-20+ | 32K X8 
™MS47C256-25+ 
™S47C512-20# 
TMS47C512-25+ | 64K X 8 
™MS47C512-30+ 
™S47C1024-20 
T™MS47C1024-25+| 128K X 8 
T™S47C1024-30+ 
TN = Plastic DIP 


FM = Plastic Chip Carrier 
+ Advance Information for products under development by TI. 
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INTERCHANGEABILITY GUIDE 





PART | — ALTERNATE VENDOR PART NUMBERING (EXAMPLES) 
BASED ON AVAILABLE PUBLISHED DATA 


TEXAS INSTRUMENTS (TI) 


TMS 4256 -12 N L 






UNIQUE PRODUCT 
IDENTIFICATION 
NUMBER 















TEMPERATURE 
RANGE 






TI MOS PREFIX SPEED RANGE 







Max Access 


TMS Commercial MOS - 4 45ns -20200ns_ DJ Plastic SOJ E -—40°C to 85°C 
SMJ Military MOS __.. - 5 55ns -—25 250ns_ FE Ceramic Chip Carrier L O°C to 70°C 
TMX Pre-production MOS - 7 7Ons —30300ns_ FG Ceramic Chip Carriers M —55°C to 125°C 


-10 100 ns -35 350 ns_ FM Plastic Chip Carrier S -—55°C to 100°C 
-12120ns -—45450ns_ FP Plastic Chip Carrier 
-—15 150 ns J Cerpak/Cerdip 
JD Side Braze 
N Plastic DIP 


Interchangeability Guide ~ 





ADVANCED MICRO DEVICES (AMD) 





Am 90 L 64 -15 











LOW POWER 
VERSION 










TYPE MEMORY DEVICE NUMBER SPEED RANGE 


Max Access 
90 DRAM -2200ns —10 100 ns 
91 MOS RAM ~3300ns -15 150 ns 
92 MOS -~4450 ns -20 200 ns 


27 EPROM 


AMERICAN MICROSYSTEMS, INC. (AMI) 


Ss 2364 A P 














STANDARD DEVICE 
PREFIX 












DEVICE NUMBER VERSION PACKAGE TYPE 








Ww 
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FAIRCHILD 


F 4164 -1 





FAIRCHILD PREFIXt ]{ DEVICENUMBER* Jf SPEED RANGE 

Max Access 
-1 120ns 
-2 150ns 
-3 200ns 
-4 250ns 

tMay be omitted. 

inclusion of an ‘’L’ indicates low-power version. 

FUJITSU 

MB 81416 A -—15 








DEVICE NUMBER 
Max Access 
MB Fujitsu ‘ -10 100 ns 
MBM Industry Standard Prefix -12 120ns 
-15 150ns 
HITACHI 
HM 4864 A -2 P 





DEVICE TYPE DEVICE NUMBER 
Max Access 
HM RAM — 1 Fastest -15 150 ns P Plastic 
HN ROM ; - 2 -20 200 ns 
- 3 -—25 250ns 


-— 4 Slowest -30 300 ns 
12 120ns -45 450ns 





we 
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INTERCHANGEABILITY GUIDE 





INMOS 


IMS 2600 P -15 M 





COMPANY DEVICE NUMBER PACKAGE SPEED RANGE 
Max Access 

P Plastic DIP -45 45ns Blank Commercial! 

S Ceramic DIP -55 55ns M MIL-883B 
-10 100ns E Extended 
-12 120 ns Temperature 
—15 150ns 

INTEL 
2732 A . L -2 















LOW POWER 
VERSION 





DEVICE NUMBER SPEED RANGE 


MODIFICATION 





Max Access 
-—10 100 ns 
-12 120 ns 
—- 2 200ns 
- 3 300ns 
- 4 450 ns 


MOSTEK 


MK 4564 P -—15 





DEVICE NUMBER SPEED RANGE 
Max Access 
MK_ Standard Prefix 4___ RAM P Sidebrazed ceramic DIP ~ 8 80ns —15 150 ns 
MKB Military Prefix N Plastic -10 100 ns —20 200 ns 
E Ceramic Leadless Chip -12120ns -—25 250 ns 


Carrier 
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MOTOROLA 


MCM 6665 A P ' =-15 


IC MEMORY PREFIX DEVICE NUMBERt MODIFICATION SPEED RANGE 





Max Access 
P Plastic -10 100ns -25 250 ns 
-12 120ns -30 300 ns 
-15 150 ns -45 450 ns 
-20 200 ns 


tinclusion of an ‘‘L’”’ indicates low power version. 


NATIONAL SEMICONDUCTOR 


‘apingy Ayiqeebueysa}u] ~ 


NMC 4164 -15 


MOS MEMORY 
PREFIX 


DEVICE NUMBER SPEED RANGE 





Max Access 
-12 120 ns 
-15 150 ns 
-20 200 ns 


NEC 


pPD 2764 . =15 c 





MOS MEMORY 
VICE 
PREFIX DE 7 NUMBER SPEED RANGE 
Max Access 
= 10 100 ns —20 200 ns C Plastic DIP 
-12120ns —25 250 ns D Ceramic DIP 


-15 150 ns —30 300 ns 
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OKI SEMICONDUCTOR (OKI) 


MSM 








SYNERTEK 


SY 


MOS MEMORY 
PREFIX 


3764 A -20 


DEVICE NUMBER REVISION SPEED RANGE 


Max Access 
~10 100 ns 
-12 120ns 
-15 150 ns 
-20 200 ns 


M Cc 2150 


TEMPERATURE 


DEVICE NUMBER 
RANGE Pe z 


C Ceramic 
P Molded 


“inclusion of an alpha character indicates a device modification. 





SPEED RANGE 





Max Access 
-2 200 ns 
-3 300 ns 
-4 45ns 


-5 55ns 








TOSHIBA 


TMM 


MOS MEMORY 
PREFIX 








4164 A P 


DEVICE NUMBER VERSION 


P Plastic 
C Ceramic 


TEXAS ¥% 
. INSTRUMENTS 
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SPEED RANGE 





Max Access 
-12 120 ns 
-15 150 ns 
-20 200 ns 
-—25 250 ns 


interchangeability Gu 
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VLS! TECHNOLOGY 


VT 


MOS MEMORY 
PREFIX 


4500A -15 


DEVICE NUMBER SPEED RANGE 


Max Access 
-15 150 ns 
-—20 200 ns 
-25 250ns 
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TEMPERATURE 


RANGE 





C Commercial 
M Mititary 








PART Il — ALTERNATE SOURCEST 


VENDOR = 
ALTERNATE SOURCES PART NUMBER 
Ti 


DYNAMIC RAMS» 


’ ORGANIZATION 


16K X 1 
(3 Supply) 


Mostek 
Motorola 
National 
NEC 
Toshiba 


AMD 
Fairchild 
Fujitsu 
Hitachi 
Inmos 

Intel 
Matsushita 


Micron Tech. 


Mitsubishi 
Mostek 
Motorola 
National 
NEC 

Oki 
Siemens 
Toshiba 
TRISTAR 


INTERCHANGEABILITY GUIDE 


T™MS4116 
AM8016F 
ITT4116 
MK4116 
MCM4116B 
MM5290 
uPD416 
TMM416 


T™S4164+ 
AMS9064 

F64K 
MB8264A/MB8265A 
HM4864/HM4864A 
IMS2600+ 

2164A 

MN4164 

MT4264+ 
M5K4164 

MK4564 
MCM6665A 
NMC4164+ 
pPD4164 
MSM3764 
HYB4164 
T™MM4164 
KM4164A 


64 K X 1 Multiport Tl : T™4S4161 
Video RAM (5 V) AT&T M51064PX 


Fujitsu 
Hitachi 
Inmos 
Mitsubishi 


16K X 4 
(5 V) 


Continued next page. 


TMS4416 
MB81416 
HM48416A 
IMS2620 
M5M4416 





TBased on available published data. (Official alternate sourcing agreements not necessarily implied.) All devices listed operate over the 


O°C to 70°C temperature range. ; 


*These devices have a 256 cycle, 4 ms refresh scheme. All others refresh in 2 ms. 





wus 
TEXAS 
INSTRUMENTS 


POST OFFICE BOX 1443 @ HOUSTON, TEXAS 77001 





2-9 


@ 
BS} 
= 
oO 
> 
= 
2 
oO 
ib) 
o 
c 
© 
<= 
(©) 
= 
® 
~ 
£ 


INTERCHANGEABILITY GUIDE 





DYNAMIC RAMS (CONCLUDED) 


_ ORGANIZATION PART NUMBER 


“soos — ALTERNATE SOURCES 


T™TMS4256/TMS4257 
Fujitsu MB81257/MB81256 
Hitachi HM50256/HM50257 
Micron Tech. MT 1256 
256K X 1 Mitsubishi M5M4256 
Motorola MCM6256 
NEC pPD41256/pPD41257 
: Oki MSM37256 
Toshiba TMM41256 
Western Electric WCM41256 





eping) AyiqeeBbueyoie}u] ~a 


TMS4464 
64K X 4 Hitachi HM50464/HM50465 
(5 V) Micron Tech. MT4064 
NEC pPD41256 


EPROMS 


“ORGANI ATI 
enews |g Sr er — ALTERNATE SOURCES rea 







































TMS2732A 
AMD Am2732 
Fujitsu MBM2732A 
aKX8 Hitachi HN462732 
(5 V) Intel 2732A 
Mitsubishi M5L2732 
NEC pwPD2732 
Oki MSM2732 
Toshiba TMM2732 





TMS2764 
Am2764 
2764 
MBM2764 
HN482764 
2764 









AMD 
Fairchild 
Fujitsu 
Hitachi 
Intel 
































Mitsubishi M5L2764 
NEC pPD2764 
Oki MSM2764A 
Seeq 2764 





Toshiba TMM2764 


TMS27C64 
























AMD Am27C64 
Fujitsu MBM27C64 
Hitachi HN27C64 
Intel 27C64 
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NEC pw PD27C64 


Continued next page. 
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EPROMS (CONCLUDED) 


ORGANIZATION VENDOR 
nen) BRE i ae [ALTERNATE SOURCES _—i 
Seeq 


16K X 8 
(5 V) 
Toshiba 
. Tl 
AMD 
: Fujitsu 
Hitachi 
; 32K X 8 
, Intel 
yy National 
NEC 
Seeq 
Toshiba 










AMD 
Fujitsu 
Hitachi 
Intel 
Mitsubishi 
NEC 

Oki 





























PART NUMBER 








™MS27C128 
Am27128A 
MBM27128 
HN4827128 
27128 
M5L27128 
nPD27128 
MSM27128A 
27128 
™4M27128 
TMS27C256 
Am27256 
MBM27256 
HN27256 
27256/27C256 
NM27C256 
pPD27256/u4PD27C256 
27C256 
TC57256 























Interchangeability Guide fe 
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ROMS 


ORGANIZATION cade PART NUMBER 
[nei ae RRR ee | ALTERNATESOURCES | | 


T™MS4732 
-AMD Am9232 
Gl RO-3-9332 
Motorola MCM68A332 
4K X8 NEC pPD2332 
(5 V) : Oki MSM2932 
Signetics 2632A 
Synertek SY 2332 
Toshiba TMM333 
VTi : VT2332 


Tl T4S2332 
' AMD Am9233 
4K X 8 G! RO9333 
(5 V) Synertek SY2333 
, Toshiba TMM2332 
vTl VT2333 
Tl 


TMS4764 
AMD Am9264C 
Gl RO9464C 
GTE Micro G2364 
Mostek MK36000 
Motorola MCM68364 
NCR NCR2364 
NEC pPD2364 
Oki MSM2965 
Rockwell R2364A 
SGS M2364 
Signetics 2664A 
Synertek SY2364 
VTl VT2364 

TMS2364 
AMD Am9265C 
Gl RO9864C 
Motorola MCM68370 
NCR NCR2365 
Rockwell R2364B 
SGS M37000 
Synertek : SY2365 
vTl VT2365 


apiny5 AyjiqeeHBueyoiazuy B 





Continued next page. 
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ROMS (CONCLUDED) 


en 
P, 
ORGANIZATION ALTERNATE [ALTERNATE SOURCES ART NUMBER 


T™MS47128 
AMD Am92128D 
EXEL XLS23128 
Gi RO9128C 
Gould AMI $23128B 
NCR NCR23128 
NEC pPD23128 
Oki MSM38128A 
Sharp LH23128 
Signetics 23128 
VTi 23128 


| orcnnesnon |] gS — 

™MS47256 

AMD Am92256 
EXEL XLS23256 

Gould AMI $23256C 

32K X 8 Mostek MK38000 
(5 V) NCR NCR23256 
NEC pPD23256 

Signetics 23256A 

:  Synertek SY23256 

VTi VT23256 


TMS47C256 
Fujitsu MB83256 
GTE Micro G53256 
Hitachi HN613256H 
Motorola MCM65256 
NCR NCR23C256 
Oki MSM53256 
.RCA CDM53256 
SMOS : SMM2325/SMM2326 
Toshiba TMM23256 
TMS47C512 
RO9512 
LH53512 
VT23512 


32K X 8 
(5 V) 


64K X8 
(5 V) 
TMS47C 1024 
128K X 8 Gl RO91000 (NMOS) 
(5 V) Hitachi HN62301 
NEC uPD231000 (NMOS) 
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GLOSSARY/TIMING CONVENTIONS/DATA SHEET STRUCTURE 





PART | — GENERAL CONCEPTS AND TYPES OF MEMORIES 
Address — Any given memory location in which data can be stored or from which it can be retrieved. 
Automatic Chip-Select/Power Down — (see Chip Enable Input) 


Bit — Contraction of Binary digIT, i.e., a 1 or a O; in electrical terms the value of a bit may be represented by 
the presence or absence of charge, voltage, or current. 


Byte — A word of 8 bits (see word) 


Chip Enable Input — A control input to an integrated circuit that when active permits operation of the integrated 
circuit for input, internal transfer, manipulation, refreshing, and/or output of data and when inactive causes 
the integrated circuit to be in a reduced power standby mode. 


Chip Select Input — Chip select inputs are gating inputs that control the input to and output from the memory. 
They may be of two kinds: 
1. Synchronous—Clocked/latched with the memory clock. Affects the inputs and outputs for the 
duration of that memory cycle. 
2. Asynchronous—Has direct asynchronous control of inputs and outputs. In the read mode, an 
asynchronous chip select functions like an output enable. 


Column Address Strobe (CAS) — A clock used in dynamic RAMs to control the input of column addresses. 
It can be active high (CAS) or active low (CAS). 


Data — Any information stored or retrieved from a memory device. 


Dynamic (Read/Write) Memory (DRAM) — A read/write memory in which the cells require the repetitive application 
of control signals in order to retain the stored: data. 
NOTES: 1. The Ailes ‘“‘read/write’’ may be omitted from the term when no misunderstanding will 
result. 
Such repetitive application of the control signals is normally called a refresh operation. 
A dynamic memory may use static addressing or sensing circuits. 
This definition applies whether the control signals are generated inside or outside the 
integrated circuit. 


SON 


Electrically Alterable Read-Only Memory (EAROM) — A nonvolatile memory that can be field-programmed like 
a PROM or EPROM, but that can be electrically erased by a combination of electrical signals at its inputs. 


Erasable and Programmable Read-Only Memory (EPROM)/Reprogrammable Read-Only Memory — A field- 
programmable read-only memory that can have the data content of each memory cell altered more than 
once. 


Erase — Typically associated with EPROMs and EAROMs. The procedure whereby programmed data is removed 
and the device returns to its unprogrammed state. 


Field-Programmable Read-Only Memory — A read-only memory that after being manufactured, can have the 
data content of each memory cell altered. 


Fixed Memory — A common term for ROMs, EPROMs, EAROMs, etc., containing data that is not normally 
changed. A more precise term for EPROMs and EAROMs is nonvolatile since their data may be easily 
changed. 


Fully Static RAM — In a fully static RAM, the periphery as well as the memory array is fully static. The periphery 
is thus always active and ready to respond to input changes without the need for clocks. There is no 
precharge required for static periphery. 


K — When used in the context of specifying a given number of bits of information, 1K = 210 — 1024 bits. 
Thus, 64K = 64 X 1024 = 65,536 bits. 


Large-Scale Integration (LSI) — The description of any IC technology that enables condensing more than 100 
gates onto a single chip. 
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Mask-Programmed Read-Only Memory — A read-only memory in which the data content of each cell is determined 
during manufacture by the use of a mask, the data content thereafter being unalterable. 


Memory — A medium capable of storage of information from which the information can be retrieved. 


Memory Cell — The smallest subdivision of a memory into which a unit of data has been or can be entered, 
in which it is or can be stored, and from which it can be retrieved. 


‘ Metal-Oxide Semiconductor (MOS) — The technology involving phazolnnparaphis layering of metal and oxide 


to produce a semiconductor device. 


NMOS — A type of MOS technology in which the basic conduction mechanism is governed by electrons. (Short 
for N-channel MOS) 


Nonvolatile Memory — A memory in which the data content is maintained whether the power supply is connected 
or not. 


Output Enable — A control input that, when true, permits data to appear at the memory output, and when 
false, causes the output to assume a high-impedance state. (See also chip select) 


PMOS — A type of MOS technology in which the basic conduction mechanism is governed by holes. (Short 
for P-channel MOS) 


Parallel Access — A feature of a memory by which all the bits of a byte or word are entered simultaneously 
at several inputs or retrieved simultaneously from several outputs. 


Power Down — A mode of a memory device during which the device is operating in a low-power or standby 
mode. Normally read or write operations of the memory are not possible under this condition. 


Program — Typically associated with EPROM memories, the procedure whereby logical O’s (or 1’s) are stored 
into various desired locations in a previously erased device. 


Program Enable — An input signal that when true, puts a programmable memory device into the program mode. 


Programmable Read-Only Memory (PROM) — A memory that permits access to any of its address locations 
in any desired sequence with similar access time to each location. 
NOTE: The term as commonly used denotes a read/write memory. 


Read — A memory operation whereby data is output from a desired address location. 


Read-Only Memory (ROM) — A memory in which the contents are not intended to be altered during normal 
operation. 


NOTE: Unless otherwise qualified, the term ‘‘read-only memory” implies that the content is determined 
by its structure and is unalterable. 


Read/Write Memory — A memory in which each cell may be selected by applying appropriate electrical input 
signals and the stored data may be either (a) sensed at appropriate output terminals, or (b) changed in 
response to other similar electrical input signals. 


Row Address Strobe (RAS) — A clock used in dynamic RAMs to control the input of the row addressed. It 
can be active high (RAS) or active low (RAS). 


Scaled-MOS (SMOS) — MOS technology under which the device is scaled down in size in three dimensions 
and in operating voltages allowing improved performance. 


Semi-Static (Quasi-Static, Pseudo-Static) RAM — In a semi-static RAM, the periphery is clock-activated (i.e., 
dynamic). Thus the periphery is inactive until clocked, and only one memory cycle is permitted per clock. 
The peripheral circuitry must be allowed to reset after each active memory cycle for a minimum precharge 
time. No refresh is required. 


Serial Access — A feature of a memory by which all the bits are entered sequentially at a single input or retrieved 
sequentially form a single output. 
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Static RAM (SRAM) — A read/write random-access device within which information is stored as latched voltage 
levels. The memory cell is a static latch that retains data as long as power is applied to the memory array. 
No refresh is required. The type of periphery circuitry sub-categorizes static RAMS. 


Very-Large-Scale Integration (VLSI) — The description of any IC technology that is much more complex than 
large-scale integration (LSI), and involves a much higher equivalent gate count. At this time an exact 
definition including a minimum gate count has not been standardized by JEDEC or the IEEE. 


Volatile Memory — A memory in which the data content is lost when power supplied is disconnected. 


Word — A series of one or more bits that occupy a given address location and that can be stored and retrieved 
in parallel. 





Write — A memory operation whereby data is written into a desired address location. 


Write Enable — A control signal that when true causes the memory to assume the write mode, and when false 
causes it to assume the read mode. 


PART Il — OPERATING CONDITIONS AND CHRACTERISTICS 
(INCLUDING LETTER SYMBOLS) — 


Capacitance 
The inherent capacitance on every pin, which can vary with various inputs and outputs. 


Example symbology: 


Cj Input capacitance 
Co Output capacitance 
Ci(D) Input capacitance, data input 


Current 


High-level input current, |jHq 
The current into an input when a high-level voltage is “applied to that input. 


High-level output current, IOH 
The current into” an output with input conditions applied that according to the product specification will 
establish a high level at the output. 


‘Low-level input current, lj, 
The current into an input when a low-level voltage is applied to that input. 


Low-level output current, IoL 
The current into” an output with input conditions applied that according to the product specification will 
establish a low level at the output. 
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Off-state (high-impedance-state) output current (of a three-state output), loz 
The current into” an output having three-state capability with input conditions applied that according to 
the product specification will establish the high-impedance state at the output. 


Short-circuit output current, los 

The current into” an output when the output is short-circuited to ground (or other specified potential) with 
input conditions applied to establish the output logic level farthest from ground potential (or other specified 
potential). 


Supply current, Ipp. Icc- Ipp. Ipp 
The current into, respectively, the VBB, Vcc. VDD. VppP supply terminals. 


“Current out of a terminal is given as a negative value. 
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Operating Free-Air Temperature 


The temperature (TA) range over which the device will operate and meet the specified electrical 
characteristics. 


Operating Case Temperature — 


The case temperature (Tc) range over which the device will operate and meet the specified electrical 
characteristics. 
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High-level input voltage, Vip 


An input voltage within the more positive (less negative) of the two ranges of values used to represent 
the binary variables. 


NOTE: ° A minimum is specified that is the least positive value of high-level input voltage for which 
operation of the logic element within specification limits is guaranteed. 


High-level output voltage, VoH 


The voltage at an output terminal with input conditions applied that according to the product specication 


_will establish a high level at the output. 


Low-level input voltage, Vi_ 


An input voltage level within the less positive (more negative) of the two ranges of values used to represent 
the binary variables. 


NOTE: A maximum is specified that is the most positive value of low-level input voltage for which 
operation of the logic element within specification limits is guaranteed. 


Low-leve! output voltage, VoL 

The voltage at an output terminal with input conditions applied that according to the product specification 
will establish a low level at the output. 

Supply voltages, Vgp. Vcc. Vpp. Vpp 


The voltages supplied to the corresponding voltage pins that are required for the device to function. From 
one to four of these supplies may be necessary, along with ground, Vss. 


Time Intervals 


New or revised data sheets in this book use letter symbols in accordance with standards recently adopted 
by JEDEC, the IEEE, and the IEC. Two basic forms are used. The first form is usually used in this book 
when intervals can easily be classified as access, cycle, disable, enable, hold, refresh, setup, transition, 
or valid times and for pulse durations. The second form can be used generally but in this book is used 
primarily for time intervals not easily classifiable. The second (unclassified) form will be described first. 
Since some manufacturers use this form for all time intervals, symbols in the unclassified form are given 
with the examples for most of the classified time intervals. 
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Unclassified time intervals 


Generalized letter symbols can be used to identify almost any time interval without classifying it using 
traditional or contrived definitions. Symbols for unclassified time intervals identify two signal events listed 
in from-to sequence using the format: , 


tAB-CD 


Subscripts A and C indicate the names of the signals for which changes of state or level or establishment 
of state or level constitute signal events assumed to occur first and last, respectively, that is, at the beginning 
and end of the time interval. Every effort is made to keep the A and C subscript length down to one letter, 
if possible (e.g., R for RAS and C for CAS of TMS4116). 


Subscripts B and D indicate the direction of the transitions and/or the final states or levels of the signals 
represented by A and C, respectively. One or two of the following is used: 


H = high or transition to high 

= low or transition to low 

= a valid steady-state level 

= unknown, changing, or ‘’don’t care’’ level 
= high-impedance (off) state 


Nx <r 


The hyphen between the B and C subscripts is omitted when no confusion is likely to occur. 


For examples of symbols of this type, see TMS4116 (e.g., tRLCL). 


Classified time intervals (general comments, specific times follow) 


Because of the information contained in the definitions, frequently the identification of one or both of the 
two signal events that begin and end the intervals can be significantly shortened compared to the unclassified 
forms. For example, it is not necessary to indicate in the symbol that an access time ends with valid data 
at the output. However, if both signals are named (e.g., ina hold time), the from-to sequence is maintained. 


Access time 


The time interval between the application of a specific input pulse and the availability of valid signals at 
an output. 


Example symbology: 
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Classified Unclassified Description 

ta(A) tavav Access time from address 

ta(S), ta(CS) tSLOV Access time from chip select (low) 
Cycle time . 


The time interval between the start and end of a cycle. 

NOTE: The cycle time is the actual time interval between two signal events and is determined by the 
system in which the digital circuit operates. A minimum value is specified that is the shortest 
interval that must be allowed for the digital circuit to perform a specified function (e.g., read, 
write, etc.) correctly. 


Example symbology: 


Classified Unclassified Description . 
tc(R), te(rd) tAVAV(R) Read cycle time 
tc(W) tAVAV(W) Write cycle time 
NOTE: R is usually used as the abbreviation for ‘‘read’’; however, in the case of dynamic memories, 


“‘rd’’ is used to permit R to stand for RAS. 
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Disable time (of a three-state output) 


The time interval between the specified reference points on the input and output voltage waveforms, with 
the three-state output changing from either of the defined active levels (high or low) to a high-impedance 
(off) state. 


Example symbology: 


Classified Unclassified Description 
tdis(S) tSHOZ Output disable time after chip select (high) 
tdis(W) tWLQZ Output disable time after write enable (low) 


These symbols supersede the older forms tpyz or tpxz. 
Enable time (of a three-state output) 


The time interval between the specified reference points on the input and output voltage waveforms, with 
the three-state output changing from a high-impedance (off) state to either of the defined active levels 
(high or low). 

NOTE: For memories these intervals are often classified as access times. 


Example symbology: 


Classified Unclassified Description 
ten(SL) tSLOQV Output enable time after chip select low 


These symbols supersede the older form tpzv. 
Hold time 


The time interval during which a signal is retained at a specified input terminal after an active transition 
occurs at another specified input terminal. 


NOTES: 1. The hold time is the actual time interval between two signal events and is determined by 
the system in which the digital circuit operates. A minimum value is specified that is the 
shortest interval for which correct operation of the digital circuit is guaranteed. 

2. The hold time may have a negative value in which case the minimum limit defines the longest 
interval (between the release of the signal and the active transition) for which correct 
operation of the digital circuit is guaranteed. 


Example symbology: 


Classified Unclassified Description 


BINJONS JB9aYS B}eG/suONUsAUOD Hulu /A1essolyH . 


th(D) tWHDX Data hold time (after write high) 
th(RHrd) tRHWH Read (write enable high) hold time after RAS high) 
th(CHrd) tCHWH Read (write enable high) hold time after CAS high) 


th(CLCA) tCL-CAX Column address hold time after CAS low 
th(RLCA) tRL-CAX Column address hold time after RAS low 
th(RA) tRL-RAX Row address hold time (after RAS low) 


These fast three symbols supersede the older forms: 


NEW FORM OLD FORM 
thiCLCA) th(ACL) 
th(RLCA) th(ARL) 
th(RA) th(AR) 
NOTE: The from-to sequence in the order of subscripts in the unclassified form is maintained in the 


classified form. In the case of hold times, this causes the order to seem reversed from what 
would be suggested by the terms. 
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Pulse duration (width) 
The time interval between specified reference points on the leading and trailing edges of the pulse waveform. 
Example symbology: . 

Classified Unclassified Description 


tw(W) tWLWH Write pulse duration 
twiRL) tRLRH Pulse duration, RAS low 


Refresh time interval 


The time interval between the beginnings of successive signals that are intended to restore the level in 
a dynamic memory cell to its original level. 


NOTE: The refresh time interval is the actual time interval between two refresh operations and is 
determined by the system in which the digital circuit operates. A maximum value is specified 
that is the longest interval for which correct operation of the digital circuit is guaranteed. 


Example symbology: 
Classified Unclassified Description 


trf Refresh time interval 


Setup time 


The time interval between the application of a signal at a specified input terminal and a subsequent active 
transition at another specified input terminal. 


NOTES: 1. The setup time is the actual time interval between two signal events and is determined 
by the system in which the digital circuit operates. A minimum value is specified that is 
the shortest interval for which correct operation of the digital circuit is guaranteed. 

2. The setup time may have a negative value in which case the minimum limit defines the 
longest interval (between the active transition and the application of the other signal) for 
which correct operation of the digital circuit is guaranteed. 


ing Conventions/Data Sheet Structure le 


Example symbology: 


Classified Unclassified Description 
tsu(D) tDVWH Data setup time (before write high) 
tsu(CA) tCAV-CL Column address setup time (before CAS low) 


tsu(RA) tRAV-RL Row address setup time (before RAS low) 


Glossary/Tim 


Transition times (also called rise and fall times) 


The time interval between two reference points (10% and 90% unless otherwise specified) on the same 
waveform that is changing from the defined low level to the defined high level (rise time) or from the defined 
high level to the defined low level (fall time). 


Example symbology: 


Classified Unclassified Description 


tt Transition time (general) 

tt(CH) tCHCH Low-to-high transition time of CAS 
tr(C) tCHCH CAS rise time 

t#(C) tCLCL CAS fall time 
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Valid time 
(a) General 

The time interval ARE which a signal is (or should be) valid. 
(b) Output data-valid time 


The time interval in which output data continues to be walla following a change of input conditions 
that could cause the output data to change at the end of the interval. 


Example symbology: 

Classified Unclassified Description 

tv(A) taxax Output data valid time after change of address. 
This supersedes the older form tpyx. 


PART Ill — TIMING DIAGRAMS CONVENTIONS 





MEANING 
TIMING DIAGRAM INPUT OUTPUT 
SYMBOL FORCING FUNCTIONS . RESPONSE FUNCTIONS 
Must be steady high or low Will be steady high or low 
Will be changing f hi 
High-to-low changes ee anging me igh 
7 to low some time during 
permitted : : : 
designated interval 
Low-to-high changes Will be changing from low 
permitted to high sometime during 
designated interval 
OOOO) : ; 
ROOK Don’t Care State unknown or changing 


Centerline represents high- 


D t t 
oes nonapply) impedance (off) state. 


Al 


PART IV — BASIC DATA SHEET STRUCTURE 


The front page of the data sheet begins with a list of key features such as organization, interface, 
compatibility, operation (static or dynamic), access and cycle times, technology (N or P channel, silicon 
or metal oxide gate), and power. In addition, the top view of the device is shown with the pinout provided. 


’ Next a general description of the device, system interface considerations, and elaboration on other device 


characteristics are presented. The next section is an explanation of the device’s operation which includes 
the function of each pin (i.e., the relationship between each input (output) and a given type of memory). 
The functions basically involve starting, achieving,.and ending a given type of memory cycle (e.g., 
programming or erasing EPROMs, or reading a memory location). 


Augmenting the descriptive text there appears a logic symbol prepared in accordance with ANSI/IEEE Std 
91-1984 and IEC Publication 617-12 and explained in Section 10 of this book. Following the symbol is 
usually a functional block diagram, a flowchart of the basic internal structure of the device showing the 
signal paths for data, addresses, and control signals, as well as the internal architecture. Usually the next 
few pages contain the absolute maximum ratings (e.g., voltage supplies, input voltage, and temperature) 
applicable over the operating free-air temperature range. If the device is used outside of these values, it 
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may be permanently destroyed or at least it would not function as intended. Next, typically, are the 
recommended operating conditions, (e.g., supply voltages, input voltages, and operating temperature). 
The memory device is guaranteed to work reliably and to meet all data sheet parameters when operated 
in accord with the recommended operating conditions and within the specified timing. If the device is 
operated outside of these limits (minimum/maximum), the device’s operation is no longer guaranteed to 
meet the data sheet parameters. Operation beyond the absolute maximum ratings as just described can 
result in catastrophic failures. 


The next section provides a table of electrical characteristics over full ranges of recommended operating 
conditions (e.g., input and output currents, output voltages, etc.). These are presented as minimum, typical, 
and maximum values. Typical values are representative of operation at an ambient temperature of TA = 
25°C with all power supply voltages at nominal value. Next, input and output capacitances are presented. 
Each pin has a capacitance (whether an input, an output, or contro! pin). Minimum capacitances are not 
given, as the typical and maximum values are the most crucial. 


The next few tables involve the device timing charateristics. The parameters are presented as minimum, 
typical (or nominal), and maximum. The timing requirements over recommended supply voltage range and 
operating free-air temperature indicate the device control requirements such as hold times, setup times, 
and transition times. These values are referenced to the relative positioning of signals on the timing diagrams, 
which follow. The switching characteristics over recommended supply voltage range are device performance 
characteristics inherent to device operation once the inputs are applied. These parameters are guaranteed 
for the test conditions given. The interrelationship of the timing requirements to the switching characteristics 
is illustrated in timing diagrams for each type of memory cycle (e.g., read, write, program.) 


At the end of a data sheet additional applications information may be provided such as how to use the 
device, graphs of electrical characteristics, or other data on electrical characteristics. 
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__ EPROMs/PROMs [im 


Military Products _ 


“1 Abplications information | 
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_____ Mechanical Data | 
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ATTENTION 





These devices contain circuits to protect the inputs and outputs against damage 
due to high static voltages or electrostatic fields; however, it is advised that 
precautions be taken to avoid application of any voltage higher than maximum- 
rated voltages to these high-impedance circuits. 


Unused inputs must always be connected to an appropriate logic voltage level, 
preferably either supply voltage or ground. 


Additional information concerning the handling of ESD sensitive devices is 
provided in Section 12 in a document entitled ‘‘Guidelines for Handling 
Electrostatic-Discharge-Sensitive (ESDS) Devices and Assemblies.”’ 


| ™MS4116 
16,384-BIT DYNAMIC RANDOM-ACCESS MEMORY 
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16,384 X 1 Organization N PACKAGE 
(TOP VIEW) 


10% Tolerance on All Supplies 
All Inputs Including Clocks TTL Compatible 


Unlatched Three-State Fully TTL-Compatible 
Output 


@ Performance Ranges: 


ACCESS ACCESS READ READ- 
TIME TIME OR MODIFY- 
ROW COLUMN WRITE writet 

ADDRESS ADDRESS CYCLE CYCLE 

(MAX) (MAX) (MIN) — (MIN) 

TMS4116-15 150ns 100ns 375ns 375ns 
TMS4116-20 200ns 135ns 375ns 375ns 
T™MS4116-25 250ns 165ns 410ns 515ns ; Addresses 


@ Page-Mode Operation for Faster Access Column-Address Strobe 
Time : Data Input 
Data Output 


@ Common I/O Capability with Early Write Fiow hddrGea Stroke 


Dynamic RAMs * 





Feature —5-V Power Supply 
@ Low-Power Dissipation 5-V Power Supply 
— Operating . . . 462 mW (Max) 12-V Power Supply 
— Standby... 20 mW (Max) Ground 
aa ; Write Enable 
@ 1-T Cell Design, N-Channel Silicon-Gate 
Technology 


@ 16-Pin 300-Mil (7,62-mm) Package 
Configuration 


description 


The TMS4116 series is composed of monolithic high-speed dynamic 16,384-bit MOS random-access 
memories organized as 16,384 one-bit words, and employs single-transistor storage cells and N-channel 
silicon-gate technology. 


All inputs and outputs are compatible with Series 74 TTL circuits including clocks: Row-Address Strobe RAS 
(or R) and Column-Address Strobe CAS (or C). All address lines (AO through A6) and data in (D) are 
latched on chip to simplify system design. Data out (Q) is unlatched to allow greater system flexibility. 


Typical power dissipation is less than 350 milliwatts active and 6 milliwatts during standby (VCC is not 
required during standby operation). To retain data, only 10 milliwatts average power is required which 
includes the power consumed to refresh the contents of the memory. 


The TMS4116 series is offered in a 16-pin dual-in-line plastic (N suffix) package and is guaranteed for 
operation. from O°C to 70°C. The package is designed for insertion in mounting-hole rows on 7,62-mm 
(300-mil) centers. 


operation 


address (A0-A6) 


Fourteen address bits are required to decode 1 of 16,384 storage cell locations. Seven row-address bits 
are set up on pins AO through A6 and latched onto the chip by the row-address strobe (RAS). Then the 


TThe term “‘read-write cycle’’ is sometimes used as an alternative to ‘‘read-modify-write cycle.”’ 
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seven column-address bits are set up on pins AO through A6 and latched onto the chip by the column- 
address strobe (CAS). All addresses must be stable on or before the falling edges of RAS and CAS. 
RAS is similar to a chip enable in that it activates the sense amplifiers as well as the row decoder. CAS 
is used as a chip select activating the column decoder and the input and output buffers. 





write enable (W) 


The read or write mode is selected through the write-enable (W) input. A logic high on the W input selects 

’ the read mode and a logic low selects the write mode. The write-enable terminal can be driven from standard 
TTL circuits without a pull-up resistor. The data input is disabled when the read mode is selected. When W 
goes low prior to CAS, data out will remain in the high-impedance state for the entire cycle permitting 
common I/O operation. 


data in (D) 





Data is written during a write or read-modify-write cycle. Depending on the mode of operation, the falling 
edge of CAS or W strobes data into the on-chip data latch. This latch can be driven from standard TTL 
circuits without a pull-up resistor. In an early write cycle, W is brought low prior to CAS and the data 
is strobed in by CAS with setup and hold times referenced to this signal. In a delayed-write or read-modify- 
write cycle, CAS will already be low, thus the data will be strobed in by W with setup and hold times 
referenced to this signal. 


data out (Q) 





The three-state output buffer provides direct TTL compatibility (no pull-up resistor required) with a fan 
out of two Series 74 TTL loads. Data out is the same polarity as data in. The output is in the high-impedance 
(floating) state until CAS is brought low. In a read cycle, the output goes active after the enable time interval 
ta(C) that begins with the negative transition of CAS as long as ta(R) is satisfied. The output becomes 
valid after the access time has elapsed and remains valid while CAS is low; CAS going high returns it to 
a high-impedance state. In an early write cycle, the output is always in the high-impedance state. In a 
delayed-write or read-modify-write cycle, the output will follow the sequence for the read cycle. 


refresh 


A refresh operation must be performed at least every two milliseconds to retain data. Since the output 
buffer is in the high-impedance state unless CAS is applied, the RAS-only refresh sequence avoids any 
output during refresh. Strobing each of the 128 row addresses (AO through A6) with RAS causes all bits 
in each row to be refreshed. CAS remains high (inactive) for this refresh sequence, thus conserving power. 


page mode 


Page-mode operation allows effectively faster memory access by keeping the same row address and strobing 
successive column addresses onto the chip. Thus, the time required to setup and strobe sequential row 
addresses on the same page is eliminated. To extend beyond the 128 column locations on a single RAM, 
the row address and RAS is applied to multiple 16K RAMs; CAS is decoded to select the proper RAM. 


power up 


VpB must be applied to the device either before or at the same time as the other supplies and removed 
last. Failure to observe this precaution will cause dissipation in excess of the absolute maximum ratings 
due to internal forward bias conditions. This also applies to system use, where failure of the VgB supply 
must immediately shut down the other supplies. After power up, eight RAS cycles must be performed 
to achieve proper device operation. 
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logic symbolT 


RAM 16K X 1 
AO 20D7/21D0 


Ps) 
n 


i?) 
> 
n 


=I 


Dynamic RAMs * 





tThis symbol is in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12. 


functional block diagram 
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CAS TIMING & CONTROL 
RiW 






{1/2) MEMORY ARRAY 
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BUFFER & 
1 OF 2 
CP ]v0 SELECTIO 





128 SENSE - REFRESH 
AMPS 











(1/2) 1 OF 64 COLUMN DECODE 
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ROW 






DECODE 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted) t 


Voltage on any pin (see Note 1) ........ Boe tidal Peaews, of-diiay A nace ae eho ie Lk ace u eee ~0.5 V to 20 V 
Voltage on Vcc, Vpp supplies with respect to Vss...... Se ee ee ane ere er -1Vto 15V 
Short circuit output Current 2... 0... ee eee eee eee een eee eens 50 mA 
Power dissipation.......... “bald hello a eaten ele si Sales oes: Bulactenee REG Shak Beg. GW ee er ec ca a ee 1W 
Operating free-air temperature range ... 1... . ee ee ee te eee O°C to 70°C 
Storage temperature range ............ 002s ‘Abie apitnaidnd: ade -65°C to 150°C 


t Stresses beyond those listed under ‘‘Absolute Maximum Ratings’’ may cause permanent damage to the device. This is a stress rating 
only and functional operation of the device at these or any other conditions beyond those indicated in the ‘‘Recommended Operating 
Conditions’ section of this specification is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect 
device reliability. 

NOTE 1: Under absolute maximum ratings, voltage values are with respect to the most-negative supply voltage, Vgg (substrate), unless 

otherwise noted. Throughout the remainder of this data sheet, voltage values are with respect to Vss. 


recommended operating conditions 




















Vss -Supply voltage 
All inputs except RAS, CAS, WRITE 


tv NOM max | UNIT 
RAS, CAS, WRITE 

Low-level input voltage (see Note 2) -1 (@) 0.8 
0 


VBB Supply voltage 
Vec Supply voltage 
Vit 
Ta Operating free-air temperature 

NOTE 2: The algebraic convention, where the more negative (less positive) limit is designated as maximum, is used in this data sheet for 


Von _ Supply voltage p70.8 1213.2 
logic voltage only. 


VIH High-level input voltage 
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electrical characteristics over full ranges of recommended operating conditions (unless otherwise noted) 


PARAMETER TEST CONDITIONS MIN TYP? MAX | UNIT 
VoH High-level output voltage loH = -5 mA 


VOL Low-level output voltage lo. = 4.2 mA 
Vi=OVtO7V, 


I Input current (leakage) 
All other pins = O V except Veg = -5 V 


Vv 


Output t (leakage) UO OO 0 
utput curren @akage 
0 2 TAS high 


Average operating current We ' 
lcc1t : ; Minimum cycle time 
during read or write cycle ; 


After 1 memory cycle 
Standby current 


pA 
pA 
pA 
mA 
mA 
pA 
mA 
Minimum cycle time pA 
pA 
mA 
pA 
mA 
mA 


50 
27 
50 
Average refresh current RAS cycling, +10 
CAS high 20 

Minimum cycle time 
Average page-mode current RAS low, eee 

20 


CAS cycling P20 97 | 


T All typical values are at Ta = 25°C and nominal supply voltages. 
+ Vcc is applied only to the output buffer, so Icc depends on output loading. 
§ Output loading two standard TTL loads. 


+1 
200 
4§ 
35 
+10 
200 
27 
200 
27 





capacitance over recommended supply voltage range and operating free-air temperature range, f = 1 MHz 


PARAMETER TYPt MAX | UNIT 


Ci(a) Input capacitance, address inputs 
Ci(p) Input capacitance, data input 


CiiRC) Input capacitance, strobe inputs | 810 | pF 


Ci(w) Input capacitance, write enable input 


Co Output capacitance | 57 | pF | 


switching characteristics over recommended supply voltage range and operating free-air temperature range 


ALT. | TMS4116- TMS4116- 
PARAMETER TEST CONDITIONS 6-15 | TMS4116-20 25 
SYMBOL _| MIN MAX | MIN MAX | 
CL 


= 100 pF, 
ta(C) Access time from CAS Load = 2 Series 
74 TTL gates 
tRLCL = MAX, 
CL = 100 pF, 
= 2 Series, 





ta(R) Access time from RAS 


Output disable time 
after CAS high 


tdis(CH) 


Load = 2 Series | 
74 TTL gates 


T All typical values are at Ta = 25°C and nominal supply voltages. 
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timing requirements over recommended supply voltage range and operating free-air temperature range 


ALT. ™S4116-15 T™{S4116-20 T™S4116-25 UNIT 






SYMBOL 


tc(P) Page-mode cycle time 
te(rd) Read cycle time | 410 
te(w) Write cycle time 
te(rdw) _ Read-modify-write cycle time Poder + © = oll 
tw(CH) Pulse duration, CAS high (precharge time) tcp | 100s 


100 10,000 


135 10,000 165 10,000 
200 10,000 250 10,000 


tw(CL) Pulse duration, CAS low tcAS 
tw(RH) Pulse duration, RAS high (precharge time) 


150 10,000 


Gd] G] 
SPN ™N 
ajay a 


tw(RL) Pulse duration, RAS tow tRAS 





tw(W) Write pulse duration twp 
‘ ; Transition times (rise and fall) for A 
t RAS and CAS 


tsu(CA) | Column-address setup time 

tsu(RA) | Row-address setup time 

tsu(D) Data setup time 

tsu(rd) Read-command setup time tre 
Write-command setup time 

*su(WCH) before CAS high 
Write-command setup time 

*su(WRH) before RAS high 


; Column-address hold time ; 
_ *hICLCA) after CAS low CAH 


tas 
tas 







tRWL 


75 
10 
75 
75 
75 
75 
25 
35 85 


45 


| 
inten Column-address hold time im ps0 | 
after RAS low 
ep 
a ewes 
ee 


iciwi Write-command hold time | | 
after CAS low 

Gina Write-command hold time 120 ps0 
after RAS low 


tRLCH Delay time, RAS low to CAS high 
tCHRL _—-Delay time, CAS high to RAS low 
tcLRH Delay time, CAS low to RAS high 
Delay time, CAS low to W low 
(read-modify-write-cycle only) 
Delay time, RAS low to CAS low 


tRLCL (maximum value specified only tRCD 20 
to guarantee access time) 


tCSH 


tcrp_j| -20 


o 
= |Z iz re] 
re) 0 |a x 
ee) xr [Lis te) 


tCLWL tcwD 70 


oa 
oO 









; Delay time, RAS low to W low ‘ 
RLWL (read-modify-write-cycle only) RWD 
: Delay time, W low to CAS low 
t " t -20 -20 
WISE (early write eycle) bid Ea Ea 
trf____Refresh time interval er | 2 Tl aaa 2 
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_ read cycle timing 


ee 
| = twiRL) a | o 
tH 


es] 
“” 


| : ke Vit 
i }e— tcLRH ———| It twirt) 
| }e- tRLcL oe Sete 2 hia 
| tRLCH 
| Vi 
CAS 


| 
—| Many | | be— twice —o 


| ae | 
t 
a ea: 


ross REID pfiouown XXKEREEANX NOTeVC 


| eae | 
me | fe-Bf— thira) 

VIH 

—_ WV Y XY XY son’ XX 
m Kea ! | NxxXeonsr cane XX va 

| ' j¢— tac) —D} [ 
| HPF saison 

| ' VOH 
VoL 


kt tain ———+ 
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early write cycle timing 


oo tc(W) ——— 
| fan ee a l 
Vin 


Vit 
: i ie — tcLa4———} jet -2 
*RLCL —> 


ice 
| ee 
tsu(RA) | —% aie = i} 


th(RLCA) ——d} 


thiRA) {o>} | | ie wes | , 


P:] 
zl 
| 


CAS 


woe Me HO oe TET meorevee “ 


: tWLCL ; 
7 nc —a 
! | a 
ETRE OY | RX 
I er —*1 
| th(wLp) ——>| 
th(CLD) 
PRA princi 
> XXHOGNTCAREKXK A _vauvata NKKKXOONTOAREGKAXKK 


SINWH oiweudAg . 


=| 


VIH 
KPO REREXX 
YN VIL 








VIL 
—>||— tsu(D) 
Q HI-Z VOH 
VoL 
i, 
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write cycle timing 


Se =o 
| fins ‘wry | 

VIH 
le eieeical ve 


tcLRH ———| 
: tRLCL i je— ‘crm —o| 


are twicl) —— 
1K tsu(CA) hi ae twick) —| 


wn 
thiRA) thiCLca) | 
1 

Vv 
rons TRY vow HO) ame WEST Dns CUES 
: tsulWCH)—p| 

| | oe 
ee 

ke——thicLw) 









VIH 
VIL 






tsu(RA) 


Dynamic RAMs * 









— VY \/ vA, TF. VA JV V 
w XXX AXE YM 
| | [enor | 
th(WLD) > { 
th(CLD) { 
ne onli, . 
VIH 
Vit 
VOH 
VoL 


T The enable time (ten) for a write cycle is equal in duration to the access time from CAS (taic)) in a read cycle; but the same active 
levels at the output are invalid. 
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read-write/read-modify-write cycle timing 


f e¢$$ te tr) 


‘| VIL 
| | j}¢——————- tc_nu —_—_——- Read 
l-— tRLCL = ge Htc 












tRLCH : 
TAS iH 
iz oma | | reo 
‘s) are je—dp tricia 
‘s —>| <7 Bazan 
o my VIH 
5 AO-A6 OX Row | (xX ve 
0 tsu(rd) oe ry rT 
xy ‘ tsu(WRH) 
Sb thiRLW) | 
1 
S | | thiCLW) | 
o tcLw_—| | 





a XETROS | ane OLSON 
sum, | 
je | tna» 7 | 
j¢——TniCLD) 
| }e-teu0) | 
v, MV 
> YO AR AAKAK i or RA EY . 





. tht WL) leo tdis(CH) 
| Vou 
2 —| 
| VoL 
| le——tatey = 
ta(R) 
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page-mode read cycle timing 
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HOA 


A 


Hip 
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A 
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RAS-only refresh timing 
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CYCLE RATE (& TIME) CYCLE RATE (& TIME) 
vs vs 
TEMPERATURE MAX SUPPLY CURRENT, Ipp1 
te(rd)— Cycle Time—ns te(rd)—Cycle Time—ns 
375 375 


1000 500 300 250 





Ta—Free Air Temp— °C 


Oo: 1 2 3 4 
103/te(rdq) Cycle Rate—MHz 





Ipp1 (MAX)—Supply Current—mA 





SINVY oweudg ie 


103t¢(rq)—Cycle Rate— MHz 


CYCLE RATE (& TIME) t PAGE-MODE CYCLE RATE (& TIME) 
vs vs 
MAX SUPPLY CURRENT, Ipp3 MAX SUPPLY CURRENT, Ipp4 
tc(rd) —Cycle Time—ns 
1000 00 400 300 250 
50 mA 1000 500400 300 250 50 mA 5 0 


Ipp3 (MAX)—Supply Current—mA 
Ipp4. (MAX)—Supply Current—mA 





103t¢(rq)—Cycle Rate— MHz 


103t¢(p)—Page-Mode Cycle Rate—MHz 
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JULY 1983—REVISED NOVEMBER 1985 





Dual Accessibility — One Port Sequential N PACKAGE 
Access, One Port Random Access (TOP VIEW) 


@ Four Cascaded 64-Bit Serial Shift Registers 
for Sequential Access Applications — 


® Designed for Both Video and Non-Video 
Applications . 


@ Fast Serial Port ... Can Be Configured for 
Video Data Rates in Excess of 150 MHz 


© TR/QE as Output Enable Allows Direct 
Connection of D, Q and Address Lines to 
Simplify System Design 








FM PACKAGE 
@ Random Access Port Looks Exactly Like a (TOP VIEW) 
™S4164 v kK 
; . BZBd 
@ Separate Serial In and Serial Out to Allow nAn>D 
Simultaneous Shift In and Out x 
65,536 x1 Organization SOE}3 2°  — 2o0[]TR/GE 
pi4 19[]CAS 
Supported by Tl’s TMS34061 Video System ws ' 18{f0 
Controller (VSC) nc U6 170Nc 
RASQ7 16[] Ao 


@ Maximum Access Time from RAS Less 
Than 150 ns 


Dynamic RAMs * 


® Minimum Cycle Time (Read or Write) Less 
Than 240 ns i 


Long Refresh Period . . . 4 ms 


Low Refresh Overhead Time... As Low As 


“1.7% of Total Refresh Period AO-A7 Address Inputs Serial Data In 
CAS  Column-Address Strobe SOE Serial Output Enable 
e 
oe Clocks Fully TTL D Random-Access SOUT Serial Data Out 
P Data tn TR/QE. Register Transfer/ 
@ 3-State Unlatched Outputs for Both Random NC No Connection Q Output Enable 
and Serial Access +a Random-Access Vpp _ 5-V Supply ‘ 


Data Out Vss Ground 
RAS = Row-Address Strobe W Write Enable 
SCLK Serial Data Clock 


@ Common I/O Capability with ‘‘Early Write’ 
Feature 





Page-Mode Operation for Faster Access 


Low Power Dissipation (TMS4161-15) 
—Operating .. . 250 mW (Typical) 






o) 

—Standby . . . 80 mW (Typical) o 
® New SMOS (Scaled-MOS) N-Channel am C 

Technology 

pe, Cited by Research 
® SOE Simplifies Multiplexing of Serial Data & Development magazine. for 

Streams : ‘ developing one of the 100 - 

most-significant technical 

@ Available with MIL-STD-883B Processing products of the 

and L(O°C to 70°C), E(—40°C to 85°C), or cand 


S(—55°C to 100°C) Temperature Ranges 





PRODUCTION DATA documents contain information : Copyright © 1985, Texas Instruments Incorporated 
cient as of publieenen date. HL aca conform to wy 

specifications per the terms of Texas Instruments 

standard waren . Production processing does not TEXAS 4-17 
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description 


The TMS4161 is a high-speed, dual-access 65,536-bit dynamic random-access memory. The random- 
access port makes the memory look like it is organized as 65,536 words of one bit each like the TMS4164. 
The sequential access port is interfaced to an internal 256-bit dynamic shift register organized as four 
cascaded 64-bit shift registers which makes the memory look like it is organized as up to 256 words of 
up to 256 bits each which are accessed serially. One, two, three, or four 64-bit shift registers can be 
sequentially read out after a transfer cycle depending on a two-bit code applied to the two most significant ° 
column address inputs. The TMS4161 employs state-of-the-art SMOS (Scaled-MOS) N-channel double- 
level polysilicon gate technology for very high performance combined with low cost and improved reliability. 


The TMS4161 features full asynchronous dual access capability except when transferring data between 
the shift register and the memory array. 


Refresh period is extended to 4 milliseconds, and during this period each of the 256 rows must be strobed 
with RAS in order to retain data. CAS can remain high during the refresh sequence to conserve power. 
Note that the transfer of a row of data from the memory array to the shift register also refreshes that row. 


All inputs and outputs, including clocks, are compatible with Series 74 TTL. All address lines and data 
in are latched on chip to simplify system design. Data out is unlatched to allow greater system flexibility. 


The TMS4161 is offered in 20-pin plastic dual-in-line and 22-pin plastic chip carrier packages. It is guaranteed 
for operation from 0°C to 70°C. The dual-in-line package is designed for insertion in mounting-hole rows 
on 7,62-mm (300-mil) centers. 


random access address space to sequential address space mapping 


- The TMS4161 is designed with each row divided into four, 64-column sections (see functional block . 


diagram). The first column section to be shifted out is selected by the two most significant column address 
bits. If the two bits represent binary OO, then one to four registers can be shifted out in order. If the two 
bits represent binary 01, then only 1 to 3 (the most significant) registers can be shifted out in order. If 
the two bits represent 10, then one to two of the most significant registers can be shifted out in order. 
Finally, if the two bits represent 11 only the most significant register can be shifted out. All registers are 
shifted out with the least significant bit (bit O) first and the most significant bit (bit 63) last. Note that 
if the two column address bits equal 00 during the last register transfer cycle (TR/QE at logic level ‘’0’’ 
as RAS falls) a total of 256 bits can be sequentially read out. 
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functional block diagram 
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random-access operation 
TR/QE 


The TR/QE pin has two functions. First, it selects either register transfer or random-access operation as 
RAS falls, and second, if this is a random-access operation, it functions as an output enable after CAS falls. 


To use the TMS4161 in the random-access mode, TR/GE must be high as RAS falls. Holding TR/QE high 
as RAS falls keeps the 256 elements of the shift registers disconnected from the corresponding 256 bit. 
lines of the memory array. If data is to be shifted, the shift registers must be disconnected from the bit 
lines. Holding TR/GE low as RAS falls enables the 256 switches that connect the shift registers to the 
bit lines and indicates that a transfer will occur between the shift registers and one of the memory rows. 


During random-access operation, once CAS has been pulled low, TR/QE controls when the data will appear 
at the Q output (if this is:a read cycle). Whenever TR/QE is held high during random-access operation, 
the Q output will be in the high-impedance state. This feature removes the possibility of an overlap between 
data on the address lines and data appearing on the QO output making it possible to connect the address 
lines to the Q and D lines (Use of this organization prohibits the use of the early write cycle.). 


vip 
TEXAS 4-19 
INSTRUMENTS 


POST OFFICE BOX 1443 @ HOUSTON, TEXAS 77001 





TMS4161 
65,536-BIT MULTIPORT VIDEO RAM 








SINYVY oiueUAGg 


address (AO through A7) 


Sixteen address bits are required to decode 1 of 65,536 storage cell locations. Eight row-address bits are 
set up on pins AO through A7 and latched onto the chip by the row-address strobe (RAS). Then the eight 
column-address bits are set up on pins AO through A7 and latched onto the chip by the column-address 
strobe (CAS). All addresses must be stable on or before the falling edges of RAS and CAS. RAS is similar 
to a chip enable in that it activates the sense amplifiers as well as the row decoder. CAS is used as a 
chip select activating the column decoder and the input and output Butters: 


write enable (W) 


The read or write mode is selected through the write-enable (W) input. A logic high on the W input selects 
the read mode and a logic low selects the write mode. The write-enable terminal can be driven from standard 
TTL circuits without a a pull- up resistor. The data input is disabled when the read mode is selected. When 
W goes low prior to CAS, data out will remain inthe high-impedance state for the entire cycle permitting 
common I/O operation. 


data in (D) 


Data is written during a write or read-modify-write cycle. The falling edge of CAS or W strobes data into 
the on-chip data latch. This latch can be driven from standard TTL circuits without a pull-up resistor. In 
an early write cycle, W is brought low prior to CAS and the data is strobed in by CAS with setup and 
hold times referenced to this signal. In a delayed write or read-modify-write cycle, CAS will already be 
low, thus the data will be strobed in by W with setup and hold times referenced to this signal. 


data out (Q) 


The three-state output buffer provides direct TTL compatibility (no pull-up resistor required) with a fan 
out of two Series 74 TTL loads. Data out is the same polarity as data in. The output is in the high-impedance 
(floating) state as long as CAS or TR/OE is held high. Data will not appear on the output until after both 
CAS and TR/GE have been brought low. In a read cycle, the guaranteed maximum output enable access 
time is valid only if tcQE is greater than tcqE MAX, and. tRLcL is greater than tRLCL MAX. Likewise, 
ta(C) MAX is valid only if tRLCL is greater than tRLCL MAX. Once the output is valid, it will remain valid 
while CAS and TR/QE are both low; CAS or TR/QE going high will return the output to a high-impedance 
state. In an early write cycle, the output is always in a high-impedance state. In a delayed write or ready- 
modify-write cycle, the output will follow the sequence for the read cycle. In a register transfer cycle, 
the output will always be in a high-impedance state. 


refresh 


A refresh operation must be performed at least every four milliseconds to retain data. Since the output 
buffer is in high-impedance state unless CAS is applied, the RAS-only refresh sequence avoids any output 
during refresh. Strobing each of the 256 row addresses (AO through A7) with RAS causes all bits in each 
row to be refreshed. CAS can remain high (inactive) for this refresh sequence to conserve power. 


page mode 


Page-mode operation allows effectively faster memory access by keeping the same row address and strobing . 
successive column addresses onto the chip. Thus, the time required to setup and strobe sequential row 
addresses for the same page is eliminated. To extend beyond the 256 column locations on a single RAM, 
the row address and RAS are applied to multiple 64K RAMs. CAS is then decoded to select the proper RAM. 


power up 


After power up, the power supply must remain at its steady-state value for 1 ms. In addition, RAS must 
remain high for 100 ys immediately prior to initialization. Initialization consists of performing eight RAS 
cycles before proper device operation is achieved. 
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sequential-access operation 
TR/OQE 


Memory transfer operations involving parallel use of the shift register are first indicated by bringing TR/OE 
low before RAS falls low. This enables the switches connecting the 256 elements of the shift register 
to the 256 bit lines of the memory array. The W line determines whether the data will be transferred from 
or to the shift registers. 


write enable (W) 


In the sequential access mode, W determines whether a transfer will occur from the shift registers to the 
memory array, or from the memory array to the shift registers. To transfer from the shift registers to the 
memory array, W is held low as RAS falls, and, to transfer from the memory array to the shift registers, 
W is held high as RAS falls. Thus, reads and writes are always with respect to the memory array. The 
write setup and hold times are referenced to the falling edge of RAS for this mode of operation. 


row address (AO through A7) 





Eight address bits are required to select one of the 256 possible rows involved in the transfer of data to 
or from the shift registers. AO-A7, W, and TR/QE are latched on the falling edge of RAS. 


register column address (A7, A6) 


To select one of the four shift registers (transfer from memory to register only), the appropriate 2-bit column 
address (A7, A6) must be valid when CAS falls. However, the CAS and register address signals 
need not be supplied every transfer cycle, only when it is desired to change or select a new register. 


SCLK 





” 
= 
< 
c 
2 

E 

G 

c 

> 
an) 


Data is shifted in and out on the rising edge of SCLK. This makes it possible to view the shift registers 
as though it were made of 256 rising edge D flip-flops connected D to Q. The TMS4161 is designed to 
work with a wide range duty cycle clock to simplify system design. Note that data will appear at the SOUT 


pin not only on the rising edge of SCLK but also after an access time of ta(RSO) from RAS high during 
a parallel load of the shift registers. 


SIN and SOUT 


Data is shifted in through the SIN pin and is shifted out through the SOUT pin. The TMS4161 is designed 
such that it requires 3 ns. hold time on SIN as SCLK rises. SOUT is guaranteed not to change for at least 
8 ns after SLCK rises. These features make it possible to easily connect TMS4161s together, to allow 
SOUT to be connected to SIN, and to give external circuitry a full SLCK cycle time to allow manipulation 
of the serial data. When loading data into the shift register from the serial input in preparation for a shift 
register to memory transfer operation, the serial clock must be clocked an even number of times. To 
guarantee proper serial clock sequence after power up, a transfer cycle must be initiated before a serial 
data stream is applied at SIN. 


SOE 


The serial output enable pin controls the impedance of the serial output, allowing multiplexing of more 
than one bank of TMS4161 memories into the same external video circuitry. When SOE is at a logic low 
level, SOUT will be enabled and the proper data read out. When SOE is at a logic high level, SOUT will 
be disabled and be in the high-impedance state. 
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refresh 


The shift registers are also dynamic storage elements. The data held in the registers will be lost unless 
SCLK goes high to shift the data one bit position, a transfer write operation is invoked, or the data is reloaded 
from the memory array. See specifications for maximum register data retention times. Important: If the 
shift register has remained idle for a time period which exceeds the maximum SCLK high or SCLK low 
time, the dynamic clock circuits will also lose charge. Under these conditions, the shift register clocks 
must be re-enabled by performing any transfer cycle before data can be shifted into or out of the shift 
register. 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) t 


SINYY olueudAg é 






pti om ax [unr 


[Vpp Supply tage —SSCSCSC~C—SSCSC‘<;72C;S SCC) a8 
[Vg Supply voltage ——SSSSSCSC—SCSSCSSSS..CS~“‘i. OCC 


TA ; Operating free-air temperature 0 


Voltage range on any pin except Vpp and data out (see Note 1)............... -~1.5Vto 10V 
Voltage range on Vpp supply and data out with respect to VSS. ...........--006- -1Vto6V 
Short circuit output current... 0... ee eee ee eee eee et tenes 50 mA 
PoWer GisSipation i605 6 Ssh oie SS a TE we Bowie BE AS Sle ew BS ORY Oe Ks Tos ac ooh ag eee 1W 
Operating free-air temperature range... 1... eee et eee teens 0°C to 70°C 
Storage temperature range... 6... ee eee eens -—65°C to 150°C 


TStresses beyond those listed under “‘Absolute Maximum Ratings’’ may cause permanent damage to the device. This is a stress rating 
only and functional operation of the device at these or any other conditions beyond those indicated in the ’“‘“Recommended Operating 
Conditions’’ section of this specification is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect 
device reliability. : 

NOTE 1: All voltage values in this data sheet are with respect to Vss. 


recommended operating conditions 







alt 


NOTES: 2. The algebraic convention, where the more negative (less positive) limit is designated as minimum, is used in this data sheet 


for logic voltage levels only. 
3. Due to input protection circuitry, the applied voltage may begin to clamp at —0.6 V; test conditions must comprehend this 
occurrence. 


4. See application report entitled ‘‘TMS4164A and TMS4416 Input Protection Diode’’ on page 9-5. 
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electrical characteristics over full range of recommended operating conditions (unless otherwise noted) 


™S4161-15 ™S4161-2 
PARAMETER TEST CONDITIONS ; 2 UNIT 
MIN TYPt MAX | MIN. TyPt 
High-level output 
log = —5 mA 2.4 
voltage (Q, SOUT) ftou--sma [ze 
Low-level output ' 24 Wik 
voltage (Q, SOUT) OL =”: 
















Vi = OV to 5.8 V, 
Vpop = 5V, 

All other pins = 0 V 
Output current (leakage) Vo = 0.4 V to 5.5 V, 
(Q, SOUT) Vpp = 5V 





Input current (leakage) 










+ 
= 


lo 
















After 1 RAS cycle, 
RAS and CAS high, 
SCLK and SIN tow, 

‘SOE high, 

No load on Q and SOUT 
te(rd) = minimum cycle time, 
CAS high, RAS cycling, 
SCLK and SIN low, 
SOE high, 

TR/GE high, 

No load on Q and SOUT 
to(P) = minimum cycle time, 
RAS low, CAS cycling, 
TR/GE low after RAS falls, 
SCLK and SIN low, 

SOE high, 

No load on Q and SOUT 
RAS and CAS high, 
No load on Q and SOUT, 
tce{SCLK) = te(SCLK) min 
te(rd) = minimum cycle time, 
te(SCLK) = minimum cycle time, 
TR/QE low after RAS falls, 

No load on Q and SOUT 





Ipp2 § Standby current 





50 
37 
80 
















lpp3 Average refresh current 









te(rd) = minimum cycle time, 
: TR/QE low after RAS falls, + 
Average operating current 
7 : SCLK and SIN low, 50 
during read or write cycle — . 
SOE high, 
No load on Q and SOUT 















Average page-mode current 






















10 
10 
70 
40 






Average shift register 


I 
eae current (includes Ipp2) 


pe ef eam 


pom] oe alm 










Worst case average 
Ipp6 DRAM and shift 
register current 


MAX 
0.4 
+10 
+10 
70 
50 
90 


Vv 
Vv 
pA 
pA 
mA 
mA 
mA 
Ee ; 
mA 
A 





NOTE 5: Additional information on Ipp1 — Ipp6 on page 4-40. 

T ali typical values are at Ta = 25°C and nominal supply voltages. 
See appropriate timing diagram. 

§vil > —O.6 V. 
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capacitance over recommended supply voltage and operating free-air temperature range, f = 1 MHz 




































Cita Input capacitance, address inputs 
Gp, nese eanan 2 Se = 
Circ Input capacitance, strobe inputs | 810 | 
Ciiw Input capacitance, write enable input F810 | 
epee Theuiespecearen erie ee eo) 
Cis) Input capacitance, serial in. | 4B e 
Ci(SOE) Input capacitance, serial output enable + 6 6] 
Ctr Input capacitance, register transfer input | 4 BY 
Co(soUT) Output capacitance, serial out 


TAIl typical values are at Ta = 25°C and nominal supply voltages. 


switching characteristics over recommended supply voltage range and operating free-air temperature 
range (see Figure 1) 













ta(QE) eceoseie of O from | a-toer | | 
ae [ee 


ALT. T™MS4161-15 | TMS4161-20 
PARAMETER TEST CONDITIONSt : 
e See. syMeoL | MIN MAX 
CL = 
Access time from SOE 
t CL = 30 pF 
Cy = 
CL = 







UNIT 
ta(SO) Access time from SCLK L = 30 pF Roe oe eho = ol 
Q output disable time ; 
ea t 100 pF t 
SEICHY trom CAS high 
Q output disable time 
tdis(Qe)* see oxen "CL = 100 pF 
ivan. from TR/QE high ee 
Serial output disable time 
; t _ 
eee from SOE high some a . el 


T Figure 1 shows the load circuit. 


+The maximum values for tdis(CH)- tdis(QE), 2Nd tyis(SOE) define the time at which the output achieves the open circuit condition and 
are not referenced to Voy or VoL. 
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timing requirements over recommended supply voltage range and operating free-air temperature range 


ALT. T™MS4161-15 TMS4161-20 
SYMBOL 


to(P) Page-mode cycle time 
tc(w) Write cycle time we 
te(TW) Transfer write cycle timet 


















UNIT 


N 
to 
a 


315 


NTN 
ih 
oO;o 


tO 
p 
°o 


Ww 
= 
oa 


te(Trd) Transfer read cycle time ie ne ad 
te(rdW) Read-write/read-modify-write cycle time 2 
tc(SCLK) _Serial-clock cycle time 45 50,000 


tw(CH) Pulse duration, CAS high (precharge time’ tcp 
twiCL) Pulse duration, CAS low! 100 10,000 
tw(RH) Pulse duration, RAS high (precharge time) 


fez] 


50 50,000 
135 10,000 


200 10,000 
twiw) Write pulse duration __——S—S~dSCSCS wh —i' 
 twickt) Pulse duration, SCIKlow———SCSCSSSSSCSSCS~S 
twickH) Pulse duration, SCLK igh ——S—SCSC~dCSCSCSCSCSCSCS 
Ttwide) TRIG pulse duration ow time (ead eyed) | ————*' 
‘ Transition times (rise and fall) 
ee 
tsu(RA) | _Row-address setup time 


; W setup time before RAS low 
su(RW) with TR/QE low 


feuio) _Data sop time = os 
tsu(rd) Read-command setup time 


: Early write-command setup time : 

su(WCL) before TAS low bce 
tsu(WCH) _Write-command setup time before CAS high 
tsu(WRH) _Write-command setup time before RAS high 


tsu(TR) __ TR/QE setup time before RAS low 


tsu(Sl) Serial-data setup time before SCLK high eee 
thisl) Serial-data-in hold time after SCLK high Po 


th(CLCA) | Column-address hold time after CAS low 
th(RA) Row-address hold time ; 


thi(RW) W hold time after RAS low with TR/QE low ao) 


AR 
th(CLD Data hold time after CAS low 
th(RLD) _Data hold time after RAS low 

Ww DH 


No 


wo 
a 
o 
wo 
a 
o 


° 


NO 


th(RLCA) | Column-address hold time after R S low 


A 
th(WLD) Data hold time after W low 
thiCHrd) Read-command hold time after CAS high | tach | 


(Continued next page.) 
NOTE 6: Timing measurements are made at the 10% and 90% points of input and clock transitions. In addition, Vj, max and Vjy min 
must be met at the 10% and 90% points. : 

TAIl cycle times assume ty = 5 ns except te({SCLK) Which assumes ty = 3 ns. 

+Multipte transfer write cycles require separation by either a 500 ns RAS-precharge interval or any other active RAS-cycle. 

5 Page-mode only. ; 

fina read-modify-write cycle, tc_wt and tsu(WCH) Must be observed. Depending on the user’s transition times, this may require additional 
CAS low time (ty(CL)). This applies to page-mode read-modify-write also. ; 

#1n a read-modify-write cycle, tarwt and tsu(WRH) must be observed. Depending on the user’s transition times, this may require additional 
RAS low time (ty(RL)). 
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timing requirements over recommended supply voltage range and operating free-air temperature range 


(concluded) 

ee 
SYMBOL 

| thipHray _Read-command hold time after RAS high | tH 


ri Serial-data-out hold time after 
h(RSO) RAS tow with TR/GE low 


ae 
tncray TRIGE hold tine ater RAS low transfed [SSS 
teigey Oety tine, CAS ow ww OE gh 





UNIT 











. Delay time, CAS low to W low 


t 
CLWL (read-modify-write cycle only) 


tcwbD 


tRCD 





Delay time, CAS low to QE low 
tcaQE (maximum value specified only 











80 50,000 80 50,000 


to guarantee ta(qg) access time) 


tRHSC Delay time, RAS high to SCLK high 


Delay time, RAS low to CAS low (maximum 


t 
ALCL value specified only to guarantee access time) 


; Delay time, RAS low to W low ; 
RLWL (read-modify-write cycle only) RWD 


Delay time, SCLK high before 
t RAS —_ 10 50,000 10 50,000 
trf(MA) Refresh time interval, memory array tREF1 
trf(SR) Refresh time interval, shift register * tREF2 50,000 


NOTE 6: Timing measurements are made at the 10% and 90% points of input and clock transitions. In addition, Vj_ max and Vjy min 
must be met at the 10% and 90% points. 
ISCLK may be high or low during ty(RL), but there can not be any positive edge transitions on SCLK for a minimum of 10 ns prior to 
RAS going low with TR/GE tow {i.e., before a transfer cycle). 
*See “‘refresh’’ on page 4-22. 





50,000 





PARAMETER MEASUREMENT INFORMATION 
1.31V 


Ry = 2179 


OUTPUT 
UNDER TEST 


CL 


FIGURE 1. LOAD CIRCUIT 
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read cycle timing 


eee ee ote ese ee 
RAS rt twiRL) See gorge , Vin 


| 

= fe-te jo-——— tc_nH_ —— arene - 
| 
| 


~— *RLCL——o}e— eae ee tCHRL 
;>—_———— tnLcH 


| | aes are 
| 


CAS | i | i i VIH 
tsu(RA) | Vv 
| Pr | To : 
| 





| eines 
}>——tnirca)—— 
aI fk | en ee ! 


| am Nasi ae 





A0-A7 






jo—*t thicica) aT 


Baa 
ae ah i. To 7 


a 
= 
<{ 
ce 
2 

= 

G 

Cc 

> 

a 


| ViL 

| | | | = je—thiRHrd) 

tsu(rd) bg ar eed mel d) 
i : am | . ¥ VIH 

Ww Ae: ; 

Vit 
a VOH 
VOL 
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early write cycle timing 


Pop ee es ee 
t 































Sa “TY Vin 
i | = ViL 
~T ae ee ae SANT “Bi Laat ea 
| (oe ee | aa 
| ce 
CAS N La ViH 
mo _— 
- mane | a a 
< om | | 
é | Jetson \ | , 
=k Vv 
bone DEIR == OEE 
~——> +" 
= —| Gis ae 4 | 
th(TR) Tt Waar aaa 
CMEC CCCCUENONCCOG, y 
ra ~~ \QALALY AANL\ Vib 
tsu(WCL 
Se 
V 
* AXON” AXXXXKEEXY 
[ tw | 
| Fs — 
t 
oe (CLD) 
Vv 
» WEEN ANNA SECUNOOE 
——e{ fo—tsu(D) “ 
a HI-Z "e 
VoL 





4-28 TEXAS 4 


INSTRUMENTS 


POST OFFICE BOX 1443 @ HOUSTON, TEXAS 77001 


TMS4161 
65,536-BIT MULTIPORT VIDEO RAM 





write cycle timing 


—_—aaaer er 
ere : 
———— twiRL) Vin 


[ l 
I ae tRLCL , a bo— twine) —oy 
i | | 
| RLCH lo——. tin. ——« 
KS 7 twiCL)-———f ViIH 
—o fo tsutra | ! I ViL 
| \ | twiCH) ————o 
| 1 jo—twmtoar,—a troy — 
th(RA) foo p———__—__——‘c.azr__—+4L4e| 
\ | l | al be—teuicas | HE 
a : Z 












7) 
>: 
4 
cc 
2 

£ 

oO 

og 

> 
a) 














ViH 
ViL 
Vi 
- Vie 
| { ' rit | 
| | bo. tsu WH) —__» ' | 
fe —turwev —— l 
jo—————}— thinrws———_————»l__ | 
Pee ——| 
re RRA REERII OH | es a 
w XXX A Pawan XXX AKAK AT ELKKK me 
{ | | twiW) | | 
p | ee——— thw) 4 1 | 
—————thic Lo) ———» l 
Sl | 
! = —F ViH 
? OQ amr cane XM vauo pata AXXXX | XXX Vib 
tsu(p) 21 ko | fo———of- tis (QE) 
bo— tcor—efa—et- tai) joel — tuisici) 
koa——ten! 3 Vou 


a NOT VALID 
; | VoL 


TThe enable time (ten) for a write cycle is equal in duration to the access time from CAS (ta(c)) in a read cycle; but the active levels at 
the output are invalid. 
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read-write/read-modify-write cycle timing 


S| 


t a gs 
_ a w(RL) Vin 
RAS , 
. = te fa { Vit 
LRH w ; 
| pmo | 


| ———1 er 
ta 


1 be———_———wic) —__—__——of Vind 
—| rn | M1 t ViL 


oe ———+ 







































| 
| fe —tuntcal _——of 
tay} tof '| ! Lk i 
| { | —el yo—tsu(CA) =a 
‘ VIH 
A0-A7 
Vit 
—e| be— teuiTR) 
th(TR) 
He i | | 
po-——- twiae) VIH 
TRE I li 
; 1 Vit 
t 
eee i aepatendl I l 
| fe————tsui WAH) ——a 
cig een | | 
amet oe aan reverent a 
r | @—tcLwi—of |, l : 
i VIH 
Ww 
| 1 | XX a Vit 
}>———_——r.w.—§#ey | | | 
thir.) of | | 
| aie a | l 
‘ —|fo——tsu(0) | | { 
Vv 
, = w 1H 
= Vit 
a fe ‘dis(Qe) 
| + fe—ta(ae) fe ttsic 
‘ 
, al coE—ofL.. Vou 
I | VoL 
pe———Ta(C) 
tak) ————_# 
i 
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SINANNYLSN] 


op SVXa[. 
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wa 
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—_ a 
SAS K , = VIH 
| ViL 


| [+ rtcu ——_——-0 
fo tc (P) 
tal lo— | l, | 


twi(CH) 


| bein tel p— 
oy ee rsee | le —twicrs—of l | 
CAS { ) | I l Vin 
il | | | fl : 
th(RA) fo? thicLca) | I i IL 
eae l | th(CLCA) | Sails | 
Be ithaca | splay |arEae 

























“ Wk EXE . 
. se ) r re r {N. 1 - = 1 VIL 
pe face: 

tsu(TR)-> ko— | t | | | | ee | 
VIH 
Tia | | | l | 7 \ 
TR/QE | \ | | 
| \ \ 7 
| | | T me 
| : | : { II | lo——thinHrd) —- 
1. \ aie tnctic LY ae bo tnictiray 
teu) niCHrd) 4 = a | tsu(rd) { | 
: an eae / Vin 
W DON’T CARE a { : 
| i | | Ys Vin 
| i cl ta(QE) - | 
talc) > | taiC) -of I Jsaicr-o4 , 
el 9 po—ebtaisicH) | = bo—taisicH) [ dis(QE) 
| | | tais(CH) 
. VoH 
a 
VoL 





NOTES: 7. Timing is for non-multiplexed D, Q, and Address lines. 
8. A write cycle or a read-modify-write cycle can be intermixed with read cycles as long as the write vend read-modify-write timing specifications are not violated. 
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NOTES: 7. Timing is for non-multiplexed D, Q, and Address lines. : ; 
9. Aread cycle or a read-modify-write cycle can be intermixed with write cycles as long as the read and read-modify-write timing specifications are not violated. 
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NOTES: 7. Timing is for non-multiplexed D, Q, and Address lines. 
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10. Aread cycle or a write cycle can be intermixed with read-modify-write cycles as long as the read and write timing specifications are not violated. 
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shift register to memory timing 
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NOTES: 11. The shift register to memory cycle is used to transfer data from the shift register to the memory array. Every one of the 
256 locations in the shift register is written into the 256 columns of the selected row. Note that the data that was in the 
shift register may have resulted, either from a serial shift in or from a parallel load of the shift register from one of the memory 
array rows. 

12. SOE assumed low. 
13. SCLK may be high or low during ty (RL): 
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memory to shift register timing 
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NOTES: 12. SOE assumed low. 
13. SCLK may be high or low during tyw(RL)- 
14. The memory to shift register cycle is used to load the shift register in parallel from the memory array. Every one of the 256 
locations in the shift register are written into from the 256 columns of the selected row. Note that the data that is loaded 
into the shift register may be either shifted out or written back into another row. 
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serial data shift timing 
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NOTES: 15. When loading data into the shift register from the serial input in preparation for a shift register to memory transfer operation, 
the serial clock must be clocked an even number of times. 
16. While shifting data through the serial shift register, the state of TR/QE is a don’t care as long as TR/QE is held high when RAS 
goes low and tgy(TR) and th(TR) timings are observed. This requirement avoids the initiation of a register-to-memory or memory- 
to-register data transfer operation. The serial data transfer cycle is used to shift data in and/or out of the shift register. 
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TCAS and register address need not be supplied every cycle, only when it is desired to change or select a new register length. 
NOTES: 12. SOE assumed low. 
. 17. The shift register to memory multiple cycle is used to write the shift register data to more than one row of the memory array. An application of this 
could be clearing all memory. To do this, the SIN line would be held at 0 to fill all locations in the shift register with O’s. The shift register would then 
be written into all 256 rows of the memory array in 256 cycles. The random output port Q will be in a high-impedance state as long as register transfer 


cycles are selected. 
18. SCLK is a don’t care except that no positive transitions on SCLK can occur for a period equal to tcKR_ prior to R RAS falling with TR/GE low. 
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TCAS and register address need not be supplied every transfer cycle, only when it is desired to onange from one register address to another. 
NOTES: 12. SOE assumed low. 
18. SCLK is a don’t care except that no positive transitions on SCLK can occur for a period equal to tcKRL prior to RAS falling with TR/QE low. 
19. The memory to shift register to memory multiple cycle is used to reorder the rows within the memory array itself. First, the data in a row is stored 
in the shift register and then it is written into other selected rows. The random output port Q will be in a high-impedance state as long as register 
transfer cycles are selected. . 
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TMS4164 
65,536-BIT DYNAMIC RANDOM-ACCESS MEMORY 


MAY 1985—REVISED NOVEMBER 1985 





This Data Sheet Is Applicable to All N PACKAGE 
TMS4164s Symbolized with Code “A’’ (TOP VIEW) 
as Described on Page 4-57. 


© 65,536 X 1 Organization 
© Single 5-V Supply (10% Tolerance) 


@® JEDEC Standardized Pinout in Dual-in-Line 
Package 


@ Performance Ranges: 





ACCESS ACCESS READ READ- 


TIME TIME OR  MODIFY- 
ROW COLUMN WRITE WRITE FP PACKAGE 
ADDRESS ADDRESS CYCLE CYCLE (TOP VIEW) 
(MAX) (MAX) (MIN) (MIN) 
4164-12 120 ns 70 ns 230 ns 255 ns 
4164-15 150 ns 85 ns 260ns 290ns 
‘4164-20 200 ns 135 ns 330 ns 345 ns 
@ Upward Pin Compatible with TMS4116 Ww 
(16K Dynamic RAM) : RAS 
First Military Version of 64K DRAM He 
Also Available with MIL-STD-883B A2 


Processing and L(O°C to 70°C), E(—40°C 
to 85°C), S(— 55°C to 100°C), or 
’ M(—55°C to 125°C) Temperature Ranges 


© Operations of the TMS4164 Can Be 
Controlled by TI's TMS4500A and/or 
THCT4501 Dynamic RAM Controllers 





@ Long Refresh Period ...4ms 


- @ Low Refresh Overhead Time... As Low As 
1.8% of Total Refresh Period 


; PIN NOMENCLATURE 
@ All Inputs, Outputs, Clocks Fully TTL Address Inputs 
Compatible Column-Address Strobe 
3-State Unlatched Output oeraan 
No Connection 
Common I/O Capability with Early Write Data Out 
Feature RAS Row-Address Strobe 
@ Page-Mode Operation for Faster Access = eae 
roun 
@® Low Power Dissipation Write Enable 





— Operating .. . 135 mW (Typ) 
— Standby... 17.5 mW (Typ) 


@ SMOS (Scaled-MOS) N-Channel Technology 


description 


The TMS4164 is a high-speed, 65,536-bit, dynamic random-access memory, organized as 65,536 words 
of one bit each. It employs state-of-the-art SMOS (scaled MOS) N-channel double-level polysilicon gate 
technology for very high performance combined with low cost and improved reliability. 
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The TMS4164 features RAS access times of 120 ns, 150 ns, and 200 ns maximum. Power dissipation 
is 135 mW typical operating and 17.5 mW typical standby. 


Refresh period is extended to 4 milliseconds, and during this period each of the 256 rows must be strobed 
with RAS in order to retain data. CAS can remain high during the refresh sequence to conserve power. 


All inputs and outputs, including clocks, are compatible with Series 74 TTL. All address lines and data 
in are latched on chip to simplify system design. Data out is unlatched to allow greater system flexibility. 
Pin 1 has no internal connection to allow compatibility with other 64K RAMs that use this pin for an additional 
function. 


The TMS4164 is offered in 16-pin dual-in-line plastic (N suffix) and 18-lead plastic chip carrier (FP suffix) 
packages. The dual-in-line plastic package is designed for insertion in mounting-hole rows on 7,62-mm 
(300-mil) centers. The TMS4164 is guaranteed for operation from O°C to 70°C. 


address (AO through A7) 


Sixteen address bits are required to decode 1 of 65,536 storage cell locations. Eight row-address bits are 
set up on pins AO through A7 and latched onto the chip by the row-address strobe (RAS). Then the eight 
column-address bits are set up on pins AO through A7 and latched onto the chip by the column-address 
strobe (CAS). All addresses must be stable on or before the falling edges of RAS and CAS. RAS is similar 
to a chip enable in that it activates the sense amplifiers as well as the row decoder. CAS is used as a 
chip select activating the column decoder and the input and output buffers. 


write enable (W) 


The read or write mode is selected through the write-enable (W) input. A logic high on the Ww input selects 
the read mode and a logic low selects the write mode. The write-enable terminal can be driven from standard 


TTL circuits without a pull-up resistor. The data input is disabled when the read mode is selected. When 


W goes low prior to CAS, data out will remain in the high-impedance state for the entire cycle permitting 
common I/O operation. 


data in (D) 


Data is written during a write or read-modify-write cycle. Depending on the mode of operation, the falling 
edge of CAS or W strobes data into the on- chip data latch. This latch can be driven from standard TTL 
circuits without a pull-up resistor. In an early write cycle, W is brought low prior to CAS and the data 
is strobed in by C. CAS with setup and hold times referenced to this signal. In a delayed-write or read-modify- 
write cycle, CAS will already be low, thus the data will be strobed in by W with setup and hold times 
referenced to this signal. 


data out (Q) 


. _ The three-state output buffer provides direct TTL compatibility (no pull-up resistor required) with a fan 


out of two Series 74 TTL loads. Data out is the same polarity as data in. The output is in the high-impedance 
(floating) state until CAS is brought low. In a read cycle the output goes active after the access time interval 
ta(C) that begins with the negative transition of CAS as long as ta(R) is satisfied. The output becomes 
valid after the access time has elapsed and remains valid while CAS is low; CAS going high returns it to 
a high-impedance state. In an early write cycle, the output is always in the high-impedance state. In a 
delayed-write or read-modify-write cycle, the output will follow the sequence for the read cycle. 


refresh 


A refresh operation must be performed at least ast every four milliseconds to retain data. Since the ouput 
buffer is in the high-impedance state unless CAS is applied, The RAS- -only refresh sequence avoids any 
output during refresh. Strobing each of the 256 row addresses (AO through A7) with RAS causes all bits 
in each row to be refreshed. CAS can remain high (inactive) for this refresh sequence to conserve power. 
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page mode 


Page-mode operation allows effectively faster memory access by keeping the same row address and strobing 
random column addresses onto the chip. Thus, the time required to setup and strobe sequential row 
addresses for the same page is eliminated. To extend beyond the 256 column locations on a single RAM, 
the row address and RAS are applied to multiple 64K RAMs. CAS is then decoded to select the proper RAM. 


power up 


After power up, the power supply must remain at its steady-state value for 1 ms. In addition, RAS must 
remain high for 100 us immediately prior to initialization. Initialization consists of performing eight RAS 
cycles before proper device operation is achieved. 


logic symbolt 





RAM 64K X 1 









AO 20D8/21D0 
Al 
A2 
A3 
A4 
AS 
AG 
A7 


0 
A 
65,535 


20D15/21D7 
Sar> C20[/ROW] 
i“ G23/[REFRESH ROW] 
24([PWR DWN] 









CAS 


w 
D 


tThis symbol is in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12. 
Pin numbers shown are for the dual-in-line package. 
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functional block diagram 


TIMING & CONTROL 
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10F 40 Qa 
AMPS SELECTION 

COLUMN 

ADDRESS 

BUFFERS 

(8) 
(1/2) MEMORY ARRAY 
absolute maximum ratings over operating free-air temperature range (unless otherwise noted) Tt 

Voltage on any pin except Vpp and data out (see Note 1).................0-5 —1.5Vto 10 V 
Voltage on Vpp supply and data out with respect to VSS.......... 2-2. eee ee eee —1Vto6V 
Short circuit output current... 0.0... eee eet ee eee tee eens 50 mA 
Power dissipation.................. Soir clessselatiel lets ane onde. atid ohare ee Sayin aD ease ast lar ka tane ae 1W 
Operating free-air temperature range... 2.2... ee ee ee eee ene 0°C to 70°C 
Storage temperature range ... 2... .. ee eee eee —65°C to 150°C 


t Stresses beyond those listed under ‘‘Absolute Maximum Ratings’’ may cause permanent damage to the device. This is a stress rating 
only and functional operation of the device at these or any other conditions beyond those indicated in the ‘‘Recommended Operating 
Conditions”’ section of this specification is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect 
device reliability. 

NOTES: 1. All voltage values in this data sheet are with respect to Vss. : 

2. Additional information concerning the handling of ESD sensitive devices is available in a document entitled “‘Guidelines for 
Handling Electrostatic-Discharge-Sensitive (ESDS) Devices and Assemblies”’ in Section 12. 
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recommended operating conditions 


Vpp Supply voltage p45 0 5 55 | 
Vss Supply voltage 


Vv 
ia Vpp = 5.5V . 
Low-level input voltage (see Notes 3 and 4) —0.6 0.8 
A Operating free-air temperature °C 


NOTES: 3. The algebraic convention, where the more negative {less positive) limit is designated as minimum, is used in this data sheet 
for logic voltage levels only. ; 
4. Due to input protection circuitry, the applied voltage may begin to clamp at —0.6 V. Test conditions must comprehend this 
occurrence. See application report entitled ‘‘TMS4164A and TMS4416 Input Protection Diode’’ on page 9-5. 


4.5 5 5.5 
Vpp = 4.5 V a e 4.8 
0 








electrical characteristics over full ranges of recommended operating conditions (unless otherwise noted) 


TEST ™MS4164-12 ™MS4164-15 
PARAMETER ; ; UNIT 
CONDITIONS MIN TYPt MAX | MIN TYPT MAX 
VoH High-level output voltage | lo = —5 mA 
Vou __Lowsevel output voltage | lo. = 4.2 mA a os eae) aa ae 
I 


Vj=0 V to 5.8 V, Vpp=5 V, 
Input current (leakage) All other pins = 0 V +10 


| Vo = 0.4 to 5.5 V, 
Output current (leakage) Vop = 5V, +10 ‘ +10 pA 
CAS high 


Dynamic RAMs Be 


Average operating current tc = minimum cycle 
t c ' 
'pD1 during read or write cycle All outputs open #0 a8 Le 


After 1 memory cycle, 
Ipp23 Standby current RAS and CAS high, mA 
All outputs open 


_{ te = minimum cycle, 
Ipp3* Average refresh current CAS high and RAS cycling, 
All outputs open 


28 40 
te(p) = minimum cycle, 
28 40 


25 37 mA 


Ipp4 Average page-mode current RAS !fow and CAS cycling, 





All outputs open 


Tan typical values are at Ta = 25°C and nominal supply voltages. 
+ Additional information on page 4-58. 
8ViL> ~0.6V. See application report entitled ‘‘TMS4164A and TMS4416 Input Protection Diode’’ on page 9-5. 
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electrical characteristics over full ranges of recommended operating conditions (unless otherwise noted) 


. TEST T™TMS4164-20 
PARAMETER j : UN 
CONDITIONS: MIN TyPt max | S 


High-level output voltage aes 


VOH 

VoL Low-level output voltage lo. = 4.2 mA 

. 
27 37 


Vi = OV to 5.8 V, Vpp = 5 V 
Input current (leakage) All other pins = 0 V 





























Vo = 0.4 to 5.5 V, 

Vop = SV. 

CAS high 
DD1 during read or write cycle All outputs open 

: After 1 memory cycle, . 


RAS and CAS high, 
All outputs open 






lo Output current (leakage) 

















_Ipp28 Standby current 





te = minimum cycle, 
CAS high and RAS cycling, 
All outputs open 





Ipp3* Average refresh current 











te(pP) = minimum cycle, 
RAS low and CAS cycling, 
All outputs open 





Ipp4 Average page-mode current 





capacitance over recommended supply voltage range and operating free-air temperature range, — 
f = 1 MHz 


T All typical values are at Ta = 25°C and nominal supply voltages. 
tAdditional information on page 4-58. 


SV > -0.6V. See application report entitled ‘‘TMS4164A and TMS4416 Input Protection Diode’ on page 9-5. 


PARAMETER Typt MAX | UNIT 


Cia) Input capacitance, address inputs 
Cip) Input capacitance, data input 


CRC) Input capacitance strobe inputs 
Citw) Input capacitance, write enable input 
Co Output capacitance 





Tan typical values are at Ta = 25°C and nominal supply voltages. 


switching characteristics over recommended supply voltage range and operating free-air 
temperature range 


PARAMETER TEST CONDITIONS Ante Ms ho Ba Al 
SYMBOL_| MIN| MAX | MIN MAX | 
—— CL = 100 pF, 
t A time from CAS t 70 
A(C) ee Load = 2 Series 74 TTL gates ate || | me | 
— CL = 100 pF, taicL = MAX, 
ime from RAS t 
ta(R) nccose ime trom Load = 2 Series 74 TTL gates RAC 
ee Output disable time Cy = 100 pF, ‘ 0 40 
dis(CH) after CAS high Load = 2 Series 74 TTL gates OFF 
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switching characteristics over recommended supply voltage range and operating free-air 
temperature range 


: SYMBOL | MIN MAX | 
t A time from CAS Cr = 900 BF, t 
a(C) Se aed ideal Load = 2 Series 74 TTL gates CAC 
ta(R) Access time from RAS ee ey ee 200 Ee 
ee. Output disable time Ci = 100 pF, : 
disi(CH) ater GAS high Load = 2 Series 74 TTL gates OFF 
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timing requirements over recommended supply voltage range and operating free-air temperature range 
(see Note 1) , 


ALT. TMS4164-12 ™TMS4164-15 UNIT 
symBoL___[MIN MAX | MIN MAX| 


sel?) _fee oe a! ee 
id ee Ptr [280 
cas 

ae ee 















[twicH) Pulse duration, CAS high (precherge time)? | top __| 


twiRL Pulse duration, RAS low 120 10,000 | 150 10,000 


twiRH Pulse duration, RAS high (precharge time) 


| ns | 
| ons | 
| ns 
| ns | 
| ns | 
| ns | 
Se a ae es a a Ge a 
[te Transition times (rise and fall for RAS and CAS | tr | 3 60_| 3 50| 1s _ 
| tsu(ca) _Column-address setup time | tase FCT 8 | 5s 
TteuiRa) Row-eddress setup time ——=S~—~—~isSitSR Cd CdCl 
tsulb) Data setup time os [ws oid ids 
‘tsu(ray _Read-commend setup time __——~—~—S~S~Ss tac iT SCdCC*dCs 
|_tsu(WCH) _Write-command setup time before CAS high ss | = stcwh | 50 OTs 
tsu(WRH) | Write-command setup time before RAS high | sotreweti«dEC 50—“<‘ OT SOUT Uns] 
Tthicucay Column-address hold time after CAS low | tcan | 40+ —48~~—SC*d SCs | 
tnimtay -Row-address hold me ——=SSSSC*~“‘~id td id? 
| thiRLCA) _Column-address hold time after RAS low | stan | 85 | 985s 
tnicup) Data hold time after CAS iow _———~S~*dCSCt «dt A SC*d Cs 
Tthintp) Data hold time etter RAS low ——=—S~S SS id; SCdECiC*dCs 
th(wLb) __Data hold time after W low | toHw | of ss 
[_thicHray _Read-command hold time after CAS high | acu [0 | 0 | as_| 
thiRHra) Read-command hold time efter RAS high a 
tyciw) __Wite-command hold time after CAS low | _twcn | 40. _-+| 45 + _ns_| 
| _th(RLW) __Write-command hold time after RASlow | two | 85 | 9s 
tac Delay time, RAS lowto CAShigh ———=—S—~dT Sits «dito —SC~*d—S8t Sdn 
| tcHpi Delay time, CAS hightoRASlow | tcrp =| | ns 
ICLRH Delay time, CAS low to RAS high y tas | 70—S«dSC dCs 
{read-modify-write cycle only) 
tRLCL ge ; tRcD 
value specified only to guarantee access time) 
(read-modify-write cycle only) 
Delay time, W low to CAS 
*WLCL low (early write cycle) mes js fs 
[tt Refresh time interval __——SSSSCSCSCS~C~iStme | TY 





NOTE 1: Timing measurements are made at the 10% and 90% points of input and clock transitions. In addition, Vj, max and Vijy min 
must be met at the 10% and 90% points. 

TAIl cycle times assume t; = 5 ns. 

tPage mode only. 

§ In a read-modify-write cycle, tCLWL 8Nd tsy(WCH) Must be observed. Depending on the user’s transition times, this may require additional 
CAS low time (tw(cL)). This applies to page-mode read-modify-write also. 

{In a read-modify-write cycle, tRLWL 4nd tsy(WRH) Must be observed. Depending on the user’s-transition times, this may require additional 
RAS low time (tw (RL))- 
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timing requirements over recommended supply voltage range and operating free-air temperature range 


(see Note 1) 
TMS4164-20 
SYMBOL 
Page-mode cycle time 


i apeclovaene! ee 








UNIT 


Write cycle time 
tc(rdW Read-write/read-modify-write cycle time 
twiCH Pulse duration, CAS high (precharge time) * 


tw(CL) Pulse duration, CAS low 135 10,000 
tw(RH) - Pulse duration, RAS high (precharge time) a 


Pulse duration, RAS low tRAS 


fw Write pulse duration 


Transition times (rise and fall) for RAS and CAS 


ic conan omarare 
tsu(Ray _Row-address setup time 
tsu(D) Data setup time US Se Sn 


we 


200 10,000 





tsu(rd) Read-command setup time tRcs 
tsu(WCH) _Write-command setup time before CAS high 


tsu(WRH) | Write-command setup time before RAS high 
thiCcLCA) | Column-address hold time after CAS low 
thiRA Row-address hold time 
thiRLCA Column-address hold time after RAS low Pp tag 
thiCLD Data hold time after CAS low 


thi(RLD Data hold time after RAS low 


th(WLD) _Data hold time after W low 


thiCHrd Read-command hold time after CAS high 
th(RHrd Read-command hold time after RAS high | tRRH 


thICLW Write-command hold time after CAS low tWCH 


th(RLW) Write-command hold time after RAS low 


‘ALCH Delay time, RAS low to CAS high 


Delay time, CAS high to RAS low a | as 


ane Delay time, CAS low to RAS high tRSH 

teuiic Delay time, CAS low to W low 
(read-modify-write cycle only) 

Garey Delay time, RAS low to CAS low (maximum 
value specified only to guarantee access time) 

ae Delay time, RAS low to W low 
(read-modify-write cycle only) 


; Delay time, W low to CAS ; 
WLCL low (early write cycle) wCs 


Refresh time interval 


NOTE 1: Timing measurements are made at the 10% and 90% points of input and clock transitions. In addition, Vj_ max and Viy min 
must be met at the 10% and 90% points. 
TAIl cycle times assume ty = 5 ns. 
+ Page mode only. 
§In a read- -modify-write cycle, tcLWL and tsy(WCH) Must be observed. Depending on the user's transition times, this may require additional 
CAS low time (tw(CL)). This applies to page-mode read-modify-write also. 


{in a read- -modify-write cycle, tL WL and tsy(WRH) Must be observed. Depending on the user’s transition times, this may require additional 
RAS low time (tw(RL)). 


ow fod 
Ss fe] 
5s] = 
z 
s w 
b @ 
a re) 
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PARAMETER MEASUREMENT INFORMATION 


1.31V 
R, = 2200 
OUTPUT 
UNDER 
TEST 


FIGURE 1. LOAD CIRCUIT 


read cycle timing 


——— te(rd) ———>| 


- ! anne eR! | 
co eee | | foe 


—| — ko—— tcLrH ——¥} ibaa ae) 






NEXT CYCLE 


|! ; | 
th(RHrd 
| | bo—el— thicica) | . | eee 
' 
| —el be tsu(rd) + th(CHrd) 


















QIKIREARAT 
x DON’T CARE XJ 


ODDODODADALY 


XY N’ XXX 
RRR ey) . Soe ne yy 
| 
+—+ tdis(CH) 


a —_t— HI-Z VALID 


a 
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early write cycle timing 


——_—_—_—-— tc(w) ——_ 


| 
| —# twit) ———— | | 
| . | VI 
| _ ViL 
— Prt ‘cnr ——4! }- twiRH) 
| le truc.—o H— tour. —> 
| kh trcu | 


|| 
toinar toe | — b+ tsuca) }o—— twicH) ———>| 


I 
}e-——thiRLca) ——>} | | 
thiRA)—o—o| I je—oF- thicica) 

| ‘ | ‘ | 







VI 
ViL 


CAS 
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AK x 9, XXX) ViIH 
oe S CORI DOIT CARE CIRO NEXT cYclE 
; i 
twic. —> a L | 
| }e———tsuwer) ——el 1 
}*—-——tsutwrH) ———>| 
TT thiRLw) 
, ¢ | | icew) ", CARRRRIYY 974'6" VIH 
WwW XR DON'T CAREX "oe ORK VY way, water, +e 
XY DON'T CARE XXX | | | ASO DON'T CARE XXX) é 
et | 
| f-7-— thiwip) ——>4 
| bo thicL)—>) 
| . jSH(RLD) 
YK KX KD CO Vin 
D YXXX DON'T CARE AXXO VALID DATA) OOK) : 050505040 
YX RDON'T CARE WAL VALID DATA AQ DON'T CARE WY ‘ 
. : iL 
—|}-— tsu(D) . 
VoH 
Qa AL - Zac eer ES 
VoL 
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write cycle timing 


en et | 

| 

, ene 1 | 
| 














































































Vv 
RAS iH 
| | ViL 
t t 
—>| ar t tCLRH al w(RH) —* 
| 4 | | je—tALeL —| be— tcp. —>| 
| jo! _ taco _—___—__-» | 
9g bo——— twicL) ——> Vi 
= TAS 1] 
® | | ViL 
tsu(RA) {o> t 
3 —> ae su(CA) 
; t 
o ! #— thirtca, —4 
a thiRA) —e-a4 | 
> 1 
Vin 
= A0-A7 QOQOO0) 
77) 7 re £9 VIL 
| 1 keo—tsuweoH)—sq II 
| '-——tsurwrH)— 
ere th(RLW) —_——>| | 
( be ——thicw) =" ! s 
90000 0eREK 54 449'00000 00 BRIT ’ IH 
WW SRR), DON'T CARE SRO bebe MS nin Vit 
| [wt : 
| 1 j fe thiwep) >| 
| ke —thicio) | 
triad) — | 
SSS SS ast sss sd nd 79,4, \/ Vv 
D (XXX) {DON'T CARER (\ (\ (XY Qj {vauo pata (YXXXKYY AAS 4 LRAAA? YYYX XK XY lH 
RK ONT CARE QO VALID DATA Rin DON'T CAREY [ 
IL 






ann 
= f*—tsu(D) | 
— tent —>| beef taisicH) 


v 
HI-Z NOT VALID on 


VoL 





T The enable time (tgp) for a write cycle is equal in duration to the access time from CAS (taic)) in a read cycle; but the active levels at 
the output are invalid. 
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read-modify-write cycle timing 


_ aD! | 
~~ wir) ————— | 
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—al fe cm al fon 
a —_—— CLRH inH)->| 
—_ )]——— twict, ———+} [e— torn —ol 
—— 


tRLCH 





coe 
thi(RA) | je—et- thicicay | I 


¢ : tsu(CA) 
is : : IYYXXX XXX XY 9, od \AAAA/ XXXKKK KKK KX) 
ADA AS RRR DONT CARE KX KK LEY 


! tsuira) foo be—tsu(WCH)—o| {i 
l I 
















j— tsuwRH)—* 


| 
l t-— tcrw.—+ | 7 


CXXXAXXARAKAKA KAS x 
OO ° 


\/ Y) ARAAAS 
oe CARE OY ih eae irteles 





| Pls te(D) | 





LY XXK KX KKK KX SY VYVY XXKKKXKKXKXK KKK 
D XQQQQWO OO) DON'T CARE QYOQYQQKH 00100077 
CROCCO OOOEE ey PVG IVVVVAV VV AVNVO, 


| | 
Les wsntnid + taisicr 


HI-Z 
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page-mode read cycle t 


TMS4164 
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LOOZZ SVX3L ‘NOLSNOH © Evy! XO 391440 LSOd 


I 


SLNAWNAYULSN 


dy SVX4L 


sS-P 



























ee ee ey 
oS E 
| ViH ® 
: l 3 3 
IL 
t a 
jo— tcLaH—y | = 
{ -— tcHaL—el o 
0 
= twi(CL) —el | = 
| I Vin S 
2, 
3 
| Vit 5 
| Wop | ° 
thiCLCA) 
| | | it 
in| 1 | 
—+| Jot tsuica) ! l 
| 1 | 
é v 
AKRX) 0 44%" ASORe 0000000069 RRO 1H 
rons haa IX ee 


| 
sp tice ae so — 
jo—thinLw) I \ : +e ! 
su(WCH)——*| 
| be— tsuiweH)—* j4— betuectiy a4 . 


l t 

5 eens eee eee { 

w XN AY DON'T CARER: | 
CXAXAAAAXX XXX oe AAA 




















| 
| | pe———o}- thiwen) | fF} 














| 
XX) s AXKXXXXKKKA? BA RAY YY Vin 
D DON’T CARE VALID DATA ¢ VALID DATA UX DON’T CARE OY OOKKN DON’T CARE XX 
“I y WY YY 
r | Vit 





| 
| peel. thicuo) jet thiCLD) ___L thiCLD) 
}~-— ‘noi 


NOTE 3: A read cycle or a read-modify-write cycle can be intermixed with write cycles as long as the read and read-modify-write timing specifications are not violated. 
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NOTE 4: Aread or a write cycle can be intermixed with read-modify-write cycles as long as the read and write timing specifications are not violated. 
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RAS-only refresh timing 









, Vin 
RAS 
ViL 
72924, 0,0,0.0.0,0.9,2 - VIH 
TAS 0°00°0'0°0"0'0°0'0: 
CAS BR DON'T CARE KR, | ttiti(‘(«*‘«‘«*«CN SC DONT CARE: IY 
Vit 
AAAI AAAKAREEEXES ; Vip 
A0-A7 PRY RRVRRY DON'T CARE RORRR RRR 
WY er KR KK VAL KKK. WY YN KKK HK 
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device symbolization 


This data sheet is applicable to all Tl TMS4164 Dynamic RAMs with the code ‘‘A”’ to the left of the date 


code as shown below: 






Ti -15 
™1S4164 
FPL AYYWW 





T™1iS4164-15NL 
AYYWW 












DATA SHEET REVISION CODE 
YEAR OF MANUFACTURE 
WEEK OF MANUFACTURE 


DATA SHEET REVISION CODE 
YEAR OF MANUFACTURE 
WEEK OF MANUFACTURE 
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TYPICAL CHARACTERISTICS 





TYPICAL SUPPLY CURRENT TYPICAL SUPPLY CURRENT 
vs vs 
FREE-AIR TEMPERATURE SUPPLY VOLTAGE 

2.75 

2 ¢ 2.50 

; l 

= 5 2.25 

2 = 

.s) tc(rd) = 256 ns > 20 

> 3B : 

r= = 

¢ te(rd) = 500 ns £ 

o 7 1.75 

tan N 

a a 

O 2 1.50 
1.25 

-20 0 20 40 60 80 100 35 4 4.5 5 5.5 6 6.5 
Ta—Free-Air Temperature — °C Vpp—Supply Voltage—V 
TYPICAL SUPPLY CURRENT TYPICAL SUPPLY CURRENT 
vs vs 
SUPPLY VOLTAGE SUPPLY VOLTAGE 





< 
E F 
1 | 
S 5 
<£ 
g = 
5 s 
Pc a 
| | 
© hed 
: Qa 
8 [>) 
19 
3.5 4 4.5 5 5.5 6 6.5 


Vpp—Supply Voltage—V Vpp—Supply Voltage—V 
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ta(R) Access Time—Normalized 


RAS/CAS Input Level—V 








ACCESS TIME ACCESS TIME 
vs vs 
FREE-AIR TEMPERATURE SUPPLY VOLTAGE 


ta(R)—Access Time—Normalized 





35 #4 #45 45 55 6 65 
Vpp-—Supply Voltage—V 


Dynamic RAMs - 


Ta- Free-Air Temperature— °C 


® 


RAS/CAS INPUT LEVEL 
vs AVERAGE CURRENT 
SUPPLY VOLTAGE eo DURING AN OPERATING CYCLE 


Ipp1—Supply Current—mA 





Vpp—Supply Voltage—V ? t—Time—ns 
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Single 5-V Supply (10% Tolerance) 


Operating Free-Air Temperature .. . 0°C to 
70°C 
Long Refresh Period . . . 4 ms 


Low Refresh Overhead Time... As Low As 
1.8% of Total Refresh Period 


@: All Inputs, Outputs, Clocks Fully TTL 


Compatible 

3-State Unlatched Output TRAS1 (pin 3) selects the lower DRAM, and pin 3 on the upper 
ane <r e eet DRAM is a no connect. RAS2 (pin 4) selects the upper DRAM, 

Common I/O Capability with ‘Early Write and pin 4 on the lower DRAM is a no connect. 

Feature 


Page-Mode Operation for Faster Access 


TMS41128B 


131,072-BIT DYNAMIC RANDOM-ACCESS MEMORY 


APRIL 1985—REVISED NOVEMBER 1985 


16-PIN PLASTIC 


2 X 65,536 X 1 Organization DUAL-IN-LINE STACKED PACKAGES + — 


(TOP VIEW) 





Low Power Dissipation PIN NOMENCLATURE 


— Operating .. . 193 mW (Typ) 
— Standby... 35 mW (Typ) 


Address Inputs 
Column-Address Strobe 


Data In 
() i i : 
Max Access/Min Cycle Times Dist Out 
ACCESS ACCESS READ READ- RAS1, RAS2 Row-Address Strobes 
TIME TIME OR MODIFY- Vpp 5-V Supply 


ROW COLUMN WRITE WRITE 

ADDRESS ADDRESS CYCLE CYCLE 

; (MAX) (MAX) = (MIN) (MIN) 
- TMS41128B-15 150 ns 85ns 260ns 315ns 


@® SMOS (Scaled-MOS) N-Channel Technology 


Vss 
W 


description 





Ground 
Write Enable 


The TMS41128B consists of two high-speed, 65,536-bit; dynamic random-access memories that are © 
separately packaged. These DRAMs are electrically similar to TMS4164s; however, the pin out is different. 
The two packages are permanently connected, pin for pin, one on top of the other. The result is a 16-pin 
memory device organized as 131,072 words of one bit each with essentially the same characteristics of 


the TMS4164 NMOS dynamic RAM. 


A logic low on the RAS1 input selects the lower DRAM; a logic low on the RAS2 input selects the upper 


DRAM. 


The TMS41128B-15 features a RAS access time of 150 ns. Power dissipation is 193 mW typical operating, 


35 mW typical standby. 


Refresh period is extended to 4 ms, and during this period each of the 256 rows must be strobed with’ 
RAS1 and RAS2 in order to retain data. CAS can remain high during the refresh sequence to conserve power. 


All inputs and outputs, including clock, are compatible with Series 74 TTL. All address lines and data in 
are latched on chip to simplify system design. Data out is unlatched to allow greater system flexibility. 


The TMS41128B is offered in 16-pin plastic dual-in-line stacked packages and is guaranteed for operation 
from 0°C to 70°C. This package is designed for insertion in mounting-hole rows on 300-mil (7,62-mm) 


centers. 
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~ 131,072-BIT DYNAMIC RANDOM-ACCESS MEMORY 





operation 


SINVY Jiweudg . 


address (AO through A7) 


Sixteen address bits are required to decode 1 of 65,536 storage cell locations. Eight row-address bits are 
set up on pins AO through A7 and latched onto the chip by the row-address strobe (RAS1 or RAS2). Then 
the eight column-address bits are set up on pins AO through A7 and latched onto the chip b by the column- 
address strobe (CAS). All addresses must be stable on or before the falling edges of RAS1, RAS2, and 
CAS. RAS1 and RAS2 are similar to a chip enable in that they activate the sense amplifiers as well as 
the row decoder. CAS i is used as a chip select activating the column decoder and the input and output 
buffers. When CAS is applied to the device, only one of the RAS signals (either RAS1 or RAS2) must be 
applied to select either the lower DRAM or the upper DRAM. When a RAS-only refresh is performed (CAS 
logic high), both RAS1 and RAS2 may be applied simultaneously. 


write enable (W) 


The read or write mode is selected through the write-enable (W) input. A logic high on the W input selects 
the read mode and a logic low selects the write mode. The write-enable terminal can be driven from standard 
TTL circuits without a pull-up resistor. The data input is disabled when the read mode is selected. When 


W goes low prior to CAS, data out will remain in the high-impedance state for the entire cycle permitting 


common I/O operation. 
data in (D) 


Data is written during a write or read-modify-write cycle. Depending on the mode of operation, the falling 
edge of CAS or W strobes data into the on-chip data latch. This latch can be driven from standard TTL 
circuits without a pull-up resistor. In an early write cycle, W is brought low prior to CAS and the data is 
strobed in by CAS with setup and hold times referenced to this signal. In a delayed-write or read-modify- 


write cycle, CAS will already be low, thus the data will be strobed in by W with setup and hold times 
referenced to this signal. 


data out (Q) 


The three-state output buffer provides direct TTL compatibility (no pull-up resistor required) with a fan out 
of two Series 74 TTL loads. Data out is the same polarity as data in. The output is in the high-impedance 
(floating) state until CAS is brought low. in a read cycle the output goes active after the access time interval ° 
ta(C) that begins with the negative transition of CAS as long as ta(R) is satisfied. The output becomes 
valid after the access time has elapsed and remains valid while CAS is low; CAS going high returns it to 
a high-impedance state. In an early write cycle, the output is always in the high-impedance state. In a 
delayed-write or read-modify-write cycle, the output will follow the sequence for the read cycle. 


refresh 


A refresh operation must be performed at least every 4 ms on both DRAMs to retain data. Since the output 
buffer is in the high-impedance state unless CAS is applied, The RAS-only refresh sequence avoids any 
output during refresh. Strobing each of the 256 row addresses (AO through A7) with both RAS1 and RAS2 
causes all bits in each row to be refreshed. CAS must remain high (inactive) for this refresh sequence. 


page mode 


Page-mode operation allows effectively faster memory access by keeping the same row address and strobing 
successive column addresses onto the chip. Thus, the time required to setup and strobe sequential row 
addresses for the same page is eliminated. To extend beyond the 256 column locations on a single RAM, 
the row address and RAS are applied to multiple 64K RAMs. CAS is then decoded to select the proper RAM. 


power-up 


After power up, RAS1 and RAS2 must remain high for 100 ys immediately prior to initialization. Initialization 


consists of performing eight RAS cycles before proper device operation is achieved. 
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logic symbolt functional block diagram 


RAM 128K X 1 


30 +20D8/21D0 


G23/[REFRESH ROW] 
24 (PWR DWN] 


RAS2 





TThis symbol is in accordance with ANSI/IEEE Std 91-1984 and 
IEC Publication 617-12. 
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TMS41128B 
131,072-BIT DYNAMIC RANDOM-ACCESS MEMORY 
absolute maximum ratings over operating free-air temperature range (unless otherwise noted) t 


Voltage on any pin except Vpp and data out (see Note 1)...............08. '..—-1.5 Vto 10 V 
Voltage on Vpp supply and data out with respect to VSS....... 2... cc eee ees —~1Vto6V 
Short circuit output current... 1.0.0.0... 0 ccc cee cc cee e ee eee e teeter eeneeeens 50 mA 
Power dissipation...............-.00- Seg es lian aeats st ORY ait eat i 2 lee onl Se Seas ad 2W 
Operating free-air temperature range... 2... 0. ee ee ee tee ee eas 0°C to 70°C 
Storage temperature range ........... 0.0 cece eee e ee eee ence eee nees —65°C to 150°C 


Tt Stresses beyond those listed under ‘‘Absolute Maximum Ratings’’ may cause permanent damage to the device. This is a stress rating 
only and functional operation of the device at these or any other conditions beyond those indicated in the ‘‘Recommended Operating 
Conditions” section of this specification is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect 
device reliability. 

NOTES: 1. All voltage values in this data sheet are with respect to VSS. 

2. Additional information concerning the handling of ESD sensitive devices is available in a document entitled ‘(Guidelines for 
Handling Electrostatic-Discharge-Sensitive (ESDS) Devices and Assemblies” in Section 12. 


recommended operating conditions 


Vpp Supply voltage p45 006 66] vO 
Vss Supply voltage ne eed 


; : Vpp = 4.5 V : 2.4 4.8 
Vv : High-level input volt Vv 
eee [pp = 6.5 [ead es 
VIL Low-level input voltage (see Notes 3 and 4) —0.6 0.8 
Ta Operating free-air temperature 


NOTES: 3. The algebraic convention, where the more negative (less positive) limit is designated as minimum, is used in this data sheet 
for logic voltage levels only. : : 
4. Due to input protection circuitry, the applied voltage may begin to clamp at —0.6 V. Test conditions must comprehend this 























c occurrence. See application report entitled ‘‘TMS4164A and TMS4416 Input Protection Diode’’ on page 9-5. 


electrical characteristics over full ranges of recommended operating conditions (unless otherwise noted) 


PARAMETER . ; TEST CONDITIONS MIN TyPt UNIT 
VOH High-level output voltage lon = —5mA Pov | 
VOL Low-level output voltage lo. = 4.2 mA 


Vi = OV to 5.8 V, Vpp = SV, 
I t (l 
I Input current (leakage) Ail thar cine 2 OV 


Vo = 0.4 to 5.5 V, 
































Output current (leakage) Vpp = 5V, pA 
CAS high 






MAX 
Ave ti t te = minim le, 
ibe menage opera ns curren | ‘cc = minimum cycle 38.5 65 
during read or write cycle All outputs open ; 
After 1 memory cycle, 
RAS and CAS high, 7 10 

















Ipp2* Standby current 






te = minimum cycle, 
RAS low, CAS high, 
All outputs open 
te(pP) = minimum cycle, 
RAS low, CAS cycling, 
All outputs open 








IDD3 Average refresh current 









Ipp4 Average page-mode current 





Vv 
mA 
All outputs open 





TAN typical values are at Ta = 25°C and nominal supply voltages. 
tv > —O.6 V. 
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capacitance over recommended supply voltage range and operating free-air temperature range, 
f = 1 MHz 


CHA Input capacitance, address inputs 
Cp Input capacitance, data input 


Circ Inpuut capacitance strobe inputs 
* Cw Input capacitance, write-enable input 
Co Output capacitance 





Tan typical values are at Ta = 25°C and nominal supply voltages. 


switching characteristics over recommended supply voltage range and operating free-air 
temperature range 


PARAMETER TEST CONDITIONS ALT. SYMBOL | MIN. MAX | 


as Ci = 100 pr, - 
tac) Access time from GAS | CLT NOOR cac | 88] ns 
F aang tRLCL = MAX, 
t Access time from RAS i 
Load = 2 Series 74 TTL gates sins 
dis(CH) after CAS high Load = 2 Series 74 TTL gates _ ‘OFF 
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timing requirements over recommended supply voltage range and operating free-air temperature range 


ALT. SYMBOL 
tpc 
tRC 
twe 
tRWC 


P 
tCAS 85 10,000 


UNIT 





to(P Page-mode cycle time 

te(rd) Read cycle time 

te(w' Write cycle time : 

te(rdW Read-write/read-modify-write cycle time 
twiCH Pulse duration, CAS high (precharge time) * 
twiCL Pulse duration, CAS low8 









fad 
oO 








tw(RH Pulse duration, RAS high (precharge time) | 100i 

tw(RL) Pulse duration, RAS low tRAS 150 10,000 
WP 

tt Transition times (rise and fall) for RAS and CAS tT 

tsulCA Column-address setup time tasc 

tsu(RA) Row-address setup time 

tsu(D Data setup time 





tsu(rd Read-command setup time 

tsu{WCH) _Write-command setup time before CAS high’ 

tsu(WRH) Write-command setup time before RAS high 

thiCLCA Column-address hold time after CAS low 

th(RA Row-address hold time 

th(RLCA) _Column-address hold time after RAS low 

thiCLo Data hold time after CAS low 

thiRLD Data hold time after RAS low 

th(WLD) | Data hold time after W low 

th(CHrd Read-command hold time after CAS high 

th(RHrd Read-command hold time after RAS high 

thiCLW Write-command hold time after CAS low tWCH 

thiRLW) Write-command hold time after RAS low tWcR 

tRLCH Delay time, RAS low to CAS high tcsH 
HA Delay time, CAS high to RAS low 

tCLRH Delay time, CAS low to RAS high 

Delay time, CAS low to W low 

(read-modify-write cycle only) 

Delay time, RAS low to CAS low 

tRLCL {maximum value specified only 

to guarantee access time) 

Delay.time, RAS low to W low 

(read-modify-write cycle only) 

Delay time, W low to CAS 

‘WLCL low (early write cycle) 

tet Refresh time interval 


trcs 
tCWL 
tRWL 
tCAH 





SINVYH olueudAg A 


- 
Oo 
<= 


tRCH 


; 


DO 
8, 
0 
“ 
a 


—_ 
NR = 
o ol 


tCLWL tcwD 


tRCD 


tRLWL tRWD 





twcs 





NOTE 5: Timing measurements are made at the 10% and 90% points of input and clock transitions. In addition, Vj_ max and Vjy min 
must be met at the 10% and 90% points. 

T All cycle times assume t, = 5 ns. 

+ Page mode only. 

§ in a read-modify-write cycle, tcLWL aNd tsy(WCH) Must be observed. Depending on the user's transition times, this may require additional 
CAS low time (tw (CL)). This applies to page-mode read-modify-write cycles also. 

fina read-modify-write cycle, tgRLWL and tsy(WRH) Must be observed. Depending on the user’s transition times, this may require additional 
RAS tow time (tw(RL))- ; 
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PARAMETER MEASUREMENT INFORMATION 


1.31V 

R, = 2209 
OUTPUT 
UNDER 
TEST 


a CL = 100 pF 


FIGURE 1. LOAD CIRCUIT 


read cycle timing 
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early write cycle timing 
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ViL 


ViIH 
VIL 


ViH 
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write cycle timing 


SS 

| 

| a | | 
| 


RAS1, 
RAS2 | | | 
—| jo te | tcLRH ~ fo wiRH) a | 
| }e—tric. —> be— tour. —>| 
an | II 
twi(CL} >} 
CAS 1 | 
| | | 
tsu(RA) feo | | eo tsuica) ee 
| }e#— thiatcay—>4 —o| be— 


thiRA) +l | Le—of- thiCLCA) | | | 
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Vie 
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VoL 


tT The enable time (ten) for a write cycle is equal in duration to the access time from CAS (ta(c)) in a read cycle; but the active levels at 


the output are invalid. 
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read-modify-write cycle timing 
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NOTE 6: A write cycle or a read-modify-write cycle can be intermixed with read cycles as long as the write and read-modify-write timing specifications are not violated. 
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NOTE 7: A read cycle or a read-modify-write cycle can be intermixed with write cycles as long as the read and read-modify-write timing specifications are not violated. 
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NOTE 8: A read or a write cycle can be intermixed with read-modify-write cycles as long as the read and write timing specifications are not violated. 
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RAS-only refresh timing 


SINVH oweUudAg 7 





4-74 


2| 2 
i 
N = 













OOXXKKXK) °0'60'6'0'0'4'00'8". 








CAS OQ) DON'T Epchintlas RY 
L j [~ thinay —»| 
tsu(RA) >| | 


















\AAAAAAAAAAS 
aarererarerererers 
Hretetatetatettale! 







LYK KKK KKK KKK AAA 
KKK KK DONT CARE 


A0-A7 




















(XXX (X (XX (XXX KK KK KK KKK KK KKK KKK KK XS , YOOOOOIOOO OOOO OOOO OKO KK KX \/ XKXKKKKKKKK KK 
KKK RK KK KKK DONT CARE OO RK KR KK KKK RE KKKK 





YXXX VK VV 


\AAAAAAAAAAAAAAAAAAAAAZ \AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAS 
DR DON'T. CARE RRR 





.9.9.0.9.0.0.9.0.9.0,0.9.0.0.0.9.9,0.0.9.6.0.9.9.9.0.0.0.0. emanate 9.0.9.9.9.9.9.9.9.9,9,0.9.9.9.0,9,9.9.9,9,0.0.9.9,0,0,9,9.9.9.9.0.9.9,6.6.0, 





HI-Z 





4s 
TEXAS 
INSTRUMENTS 


POST OFFICE BOX 1443 @ HOUSTON, TEXAS 77001 


VIH 


Vit 


VIH 
ViL 


VIH 


VIL 


Vin 
Vit 
ViH 
VIL 
VOH 


VoL 









TIME 

DEVICE COLUMN 

; ADDRESS 
(MAX) 


262,144 X 1 Organization 
Single 5-V Supply (10% Tolerance) 
JEDEC Standardized Pinout 


Upward Pin Compatible with TMS4164 
(64K Dynamic RAM) 


Performance Ranges: 


ACCESS ACCESS 


TMS4256-12 
TMS4257-12 
TMS4256-15 
TMS4257-15 


TMS4256-20 


TMS4257-20 





Long Refresh Period . . . 4 ms (Max) 


Low Refresh Overhead Time... As Low As 
‘1.3% of Total Refresh Period 


On-Chip Substrate Bias Generator 


Operations of the TMS4256/TMS4257 Can 
Be Controlled by TI’s THCT4502 Dynamic 
RAM Controller 


All Inputs, Outputs, and Clocks Fully TTL 
Compatible 


3-State Unlatched Output 


Common I/O Capability with ‘‘Early Write’ 
Feature 


Page (’4256) or Nibble-Mode ('4257) 
Options for Faster Access Operation 


Power Dissipation As Low As 
— Operating . . . 275 mW (Typ) 
—Standby ... 12.5 mW (Typ) 


RAS-Only Refresh Mode 
Hidden Refresh Mode 


description 


TMS4256, TMS4257 
262,144-BIT DYNAMIC RANDOM-ACCESS MEMORIES 


N PACKAGE 
(TOP VIEW) 





FM PACKAGE 
(TOP VIEW) 


Address Inputs . 
Column-Address Strobe 
_Data In 

No Connection 

Data Out 

Row-Address Strobe 
5-V Supply 

Ground 

Write Enable 





CAS-Before-RAS Refresh Mode 


Available with MIL-STD-883B Processing 
and L(0°C to 70°C), E(—40°C to 85°C), or 
S(—55°C to 100°C) Temperature Ranges 


MAY 1983~REVISED NOVEMBER 1985 





Dynamic RAMs * 


The ‘4256 and '4257 are high-speed, 262, 144-bit dynamic random-access memories, organized as 262,144 


words of one bit each. They employ state-of-the-art SMOS (scaled MOS) N-channel double-level 
polysilicon/polycide gate technology for very high performance combined with low cost and improved 


reliability. 





PRODUCTION DATA documents contain information 


current as of publication date. Products conform 
to specifications per 
standard warranty. Production processing does not 
necessarily include testing of all parameters. 


the terms of Texas Instruments 
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SINVH dlweudAg 


These devices feature maximum RAS access times of 120 ns, 150 ns, or 200 ns. Typical power dissipation 
is as low as 275 mW operating and 12.5 mW standby. 


New SMOS technology permits operation from a single 5-V supply, reducing system power supply and 
decoupling requirements, and easing board layout. Ipp peaks are 125 mA typical, and a — 1-V input voltage 
undershoot can be tolerated, minimizing system noise considerations. 


All inputs and outputs, including clocks, are compatible with Series 74 TTL. All address and data-in lines 
are latched on chip to simplify system design. Data out is unlatched to allow greater system flexibility. 


The ’4256 and ‘4257 are offered in 16-pin plastic dual-in-line and 18-lead plastic chip carrier packages. 
They are guaranteed for operation from O°C to 70°C. The dual-in-line package is designed for insertion 
in mounting-hole rows on 7,62-mm (300-mil) centers. 


operation 


address (AO through A8) 


Eighteen address bits are required to decode 1 of 262,144 storage cell locations. Nine row-address bits 
are set up on pins AO through A8 and latched onto the chip by the row-address strobe (RAS). Then the 
nine column-address bits are set up on pins AO through A8 and latched onto the chip by the column-address 
strobe (CAS). All addresses must be stable on or before the falling edges of RAS and CAS. RAS is similar to 
a chip enable in that it activates the sense amplifiers as well as the row decoder. CAS is used as a chip select 
activating the column decoder and the input and output buffers. 


write enable (W) 


The read or write mode is selected through the write-enable (W) input. A logic high on the W input selects 
the read mode and a logic low selects the write mode. The write-enable terminal can be driven from standard 
TTL circuits without a pull- up resistor. The data input is disabled when the read mode is selected. When W 
goes low prior to CAS, data out will remain in the high-impedance state for the entire cycle permitting 
common I/O operation. 


data in (D) 


Data is written during a write or read-modify-write cycle. Depending on the mode of operation, the falling 
edge of CAS or W strobes data into the on-chip data latch. This latch can be driven from standard TTL 
circuits without a pull- up resistor. In an early write cycle, W is brought low prior to CAS and the data is 
strobed in by CAS with setup and hold times referenced to this signal. In a delayed-write or read-modify- 
write cycle, CAS will already be low, thus the data will be strobed in by W with setup and hold times 
referenced to this signal. 


data out (Q) 


The three-state output buffer provides direct TTL compatibility (no pull-up resistor required) with a fan 
out of two Series 74 TTL loads. Data out is the same polarity as data in. The output is in the high-impedance 
(floating) state until CAS is brought low. In a read cycle the output goes active after the access time interval 
ta(C) that begins with the negative transition of CAS as long a S ta(R) is satisfied. The output becomes 
valid after the access time has elapsed and remains valid while CAS is low; CAS going high returns it to 
a high-impedance state. In a read-modify-write cycle, the output will follow the sequence for the read cycle. 


refresh 


A refresh operation must be performed at least once every four milliseconds to retain data. This can be 


’ achieved by strobing each of the 256 rows (AO-A7). A normal! read or write cycle will refresh all bits in 


each row that is selected. A RAS-only operation can be used by holding CAS at the high (inactive) level, 
thus conserving power as the output buffer remains in the high-impedance state. 
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CAS-before-RAS refresh 


The CAS-before-RAS refresh is utilized by bringing CAS low earlier than RAS (see parameter tcLRL) and 
holding it low after RAS falls (see parameter tRLCHR). For successive CAS-before-RAS refresh cycles, 
CAS can remain low while cycling RAS. The external address is ignored and the refresh address is 
generated internally. 


hidden refresh 


Hidden refresh may be performed while maintaining valid data at the output pin. This is accomplished by 
holding CAS at Vj. after a read operation and cycling RAS after a specified precharge period, similar to 
a “‘RAS-only” refresh cycle. The external address is also ignored during the hidden refresh cycles. 


page mode (TMS4256) 


Page-mode operation allows effectively faster memory access by keeping the same row address and strobing 
random column addresses onto the chip. Thus, the time required to setup and strobe sequential row 
addresses for the same page is eliminated. The maximum number of columns that can be addressed is 
determined by tyw(RL), the maximum RAS low pulse duration. 


nibble mode (TMS4257) 


Nibble-mode operation allows high-speed serial read, write, or read-modify-write access of 1 to 4 bits of 
data. The first bit is accessed in the normal manner with read data coming out at ta(C) time. The next 
sequential nibble bits can be read or written by cycling CAS while RAS remains low. The first bit is 
determined by the row and column addresses, which need to be supplied only for the first access. Column 
A8 and row A8 (CA8, RA8) provide the two binary bits for initial selection of the nibble addresses. 
' Thereafter, the falling edge of CAS will access the next bit of the circular 4-bit nibble in the following 
sequence: ‘ 


pe = ON ee 


In nibble-mode, all normal memory operations (read, write, or ready-modify-write) may be performed in 
any desired combination. 





power-up 


To achieve proper device operation, an initial pause of 200 us is required after power up followed by a 
minimum of eight initialization cycles. 
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logic symbolt 





RAM 256K X 1 
20D9/21D0 









AO 
Al 
A2 
A3 
A4 
AS 
A6 
A7 
A8 


A= 2 
262,143 





tThis symbol is in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12. 
The pin numbers shown are for the 16-pin dual-in-line package. 
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functional block diagram 
RAS CAS w 


_— TIMING AND CONTROL 


ROW 

. 32K ARRAY DECODE 32K ARRAY 
Row 

32K ARRAY DECODE 32K ARRAY 


COLUMN DECODE 


: ROW 
32K ARRAY DECODE 32K ARRAY 
ROW 
32K ARRAY DECODE 32K ARRAY 











ROW 
ADDRESS 
BUFFERS 


(8) 












0 
BUFFERS 
1 of 4 
SELEC- 
TION 





Ao 
Al 
A2 
A3 
AA 
AS 
AG 
AT 

















COLUMN 
ADDRESS 
BUFFERS 
(8) 





AB 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted) t 


Voltage range for any pin including Vpp supply (see Note 1)...............00000. -1Vto7V 
Short circuit output Current... 0... ee eee ee ee teen ee ee eee naee 50 mA 
Power dissipation... 6 acc cc sv a wa ee eace Re Basle CES Saw CEST OR ee EK ease ea eee we ' 1W 
Operating free-air temperature range... 6... eee ee eens 0°C to 70°C 
Storage temperature range..............2002- ahd Seated ace ila: RM a sd -—65°C to 150°C 


tStresses beyond those listed under ‘‘Absolute Maximum Ratings’’ may cause permanent damage to the device. This is a stress rating 
only and functional operation of the device at these or any other conditions beyond those indicated in the ‘‘Recommended Operating 
Conditions’ section of this specification is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect 
device reliability. 

NOTE 1: All voltage values in this data sheet are with respect to Vss. 


recommended operating conditions 
in No max | nit 
| Vop Supply voltage —COC~—SCSCSCSCSCSCSTT.CC“‘(W*d AST VC 
[Vss___Supply voltage OSCSCSCSSC;CSCSCSCSST.CCC~C~‘d(L'SC“‘t Cd CY 
 Vi,___Low-level input voltage (see Note 2) SSCSC~C~—C‘C;SC~*~C~C~C~‘dY SSC CY 







NOTE 2: The algebraic convention, where the more negative (less positive) limit is designated as maximum, is used in this data sheet for 


logic voltage levels only. 
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electrical characteristics over full ranges of recommended operating conditions (unless otherwise noted) 








Ipo2 





VOH.__ 


VoL 


lo 


Ipp2 


Ipp3 


Ipp4 


IDD5 









PARAMETER 


VOH High-level output voltage loH = —SmA fr 24 Cia ae 
VOL Low-level! output voltage loL = 4.2 mA PG 

I 

ie) 

DD1 


Input current (leakage) 
| Output current (leakage) 
I 


Average operating current 


during read or write cycle 


Standby current 


Average refresh current 


Average page-mode current 


Average nibble-mode current 


PARAMETER 


High-level output voltage 
Low-level output voltage 


Input current (leakage) 


Average operating current 


during read or write cycle 


Standby current 


Average refresh current 


Average page-mode current 


Average nibble-mode current 















CONDITIONS 


=0 5 V, Vpp = 5V, 
Vj= 0 V to 6.5 V, Vpp 210] ea | 


All other pins = 0 V to 6.5 V 
Vo = OVto 5.5 V, 

+10 A 
= nal ; 
c = minimum cycle 65 78 
Output open 


After 1 memory cycle, 
RAS and CAS high, 

Output open 
te = minimum cycle, 
RAS cycling, CAS high, 
Output open 
tc(P) = minimum cycle, 
RAS low, TAS cycling, 
Output open 






TEST 






TMS4256-12 
TMS4257-12 


MIN TYPT MAX 


























tc(N) = minimum cycle, 
RAS low, CAS cycling, 
Output open 


TEST 
CONDITIONS 


lo = 4.2 mA 
Vij= 0 V to 6.5 V, Vpop 


te = minimum cycle, 
Output open 

After 1 memory cycle, 
RAS and CAS high, 
Output open 

te = minimum cycle, 
RAS cycling, CAS high, 
Output open 

tc(P) = minimum cycle, 
RAS low, CAS cycling, 
Output open 

te(N) = minimum cycle, 
RAS tow, CAS cycling, 
Output open 


Tall typical values are at Ta = 25°C and nominal supply voltages. 


4-80 


=5V, 
All other pins = O V to 6.5 V 


Output current (leakage) Vo = OV to 5.5 V, 
rren 
: pewiaaaes Vop = 5 V, CAS high 


TMS4256-15 TMS4256-20 
™S4257-15 ™S4257-20 UNIT 
MIN TYPT MAX | MIN TYPT MAX 
+10 
+10 


oD 
ee 
he a 
Lee 
Pele 


27 39 
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capacitance over recommended supply voltage range and operating free-air temperature range, 
f = 1 MHz 


PARAMETER 


Cia) Input capacitance, address inputs 
Cio Input capacitance, data input 


Ci(Rc) _ Input capacitance strobe inputs 
Citw) Input capacitance, write enable input _ . 
Co Output capacitance 





TAIl typical values are at Ta = 25°C and nominal supply voltages. 


switching characteristics over recommended supply voltage range and operating free-air temperature 
range 


Ax TMS4256-12 
PARAMETER TEST CONDITIONS SepanoL TMS4257-12 | UNIT 
; tRLCL = MAX, C_ = 100 pF, 
t Access t f CAS t 
Load = 2 Series 74 TTL gates mae 
; tRLCL = MAX, CL = 100 pF, 
t Access time from RAS t 
Load = 2 Series 74 TTL gates jan 
ei Output disable time Ci = 100 pF, : 
dis(CH} after CAS high Load = 2 Series 74 TTL gates OFF 


ALT TMS4256-15 | TMS4256-20 
PARAMETER ° SvMBOL TMS4257-15 | TMS4257-20 | UNIT 


: tRLCL = MAX, CL = 100 pF, 
t Access time f CAS es 
Load = 2 Series 74 Trt gates : 
. | sso] 200] os 















TEST CONDITIONS 






tCAC 
: tRLCL = MAX, CL = 100 pF, 
t Access time from RAS t 
Load = 2 Series 74 TT gates cae 
FF 


oe Output disable time Cy = 100 pF, . : 
disi(CH) after CAS high Load = 2 Series 74 TTL gates 0 
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timing requirements over recommended supply voltage range and operating free-air temperature range 


a | rsaz57-12 
SYMBOL 





UNIT 



















te(P) Page-mode cycle time (read or write cycle) tpc 
tc(PM) Page-mode cycle time (read-modify-write cycle) tpCM 


te(rd) Read cycle timet 
te(W) Write cycle time 2 
te(rdW) Read-write/read-modify-write cycle time tRWC 


~ 
a 


~ 


ny 
3 


tw(CH)p _ Pulse duration, CAS high (page mode) - 
tw(CH) Pulse duration, CAS high (non-page mode) tap 
tw(CL Pulse duration, CAS low* iene 


tw(RH) Pulse duration, RAS high 


o 
vu 


60 10,000 


twiRL Pulse duration, RAS low tRAS 120 10,000 


tw(W) Write pulse duration 


6 


tt Transition times (rise and fall) for RAS and CAS tT 
tsu(CA} Column-address setup time tasc 


tsu(RA) Row-address setup time taSR ~ 


tsu(D Data setup time 
tsu(rd) Read-command setup time tRCS 


: Early write-command setup time 4 
suIWCL) before CAS low wes 


tsu(WCH) | Write-command setup time before CAS high tCWL 
tsu(WRH) | Write-command setup time before RAS high tRWL 


tRAL 


th(cLw) ___Write-command hold time after CAS low 


th(CLCA) _ Column-address hold time after CAS low tCAH 


~ 
> 


tWCH 
twcR 


th(RLW) 





Write-command hold time after RAS low 


Continued next page. 

NOTE 3: Timing measurements are referenced to Vj, max and Vij} min. 

TAII cycle times assume ty = 5 ns. 

#in a read-modify-write cycle, teLwL and tsu(WCH) must be observed. Depending on the user’s transition times, this may require additional 
CAS low time tw(CL)). This applies to page-mode read-modify-write also. 

Sin a read-modify-write cycle, tar wt and tsu(WRH) Must be observed. Depending on the user’s transition times, this may require additional 
RAS tow time (tw (RL))- 
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timing requirements over recommended supply voltage range and operating free-air temperature range 
(continued) 


: ; _ TMS4256-12 
ALT: TMS4257-12 UNIT 
SYMBOL 


tCHRL Delay time, CAS high to RAS tow 
tCLRH Delay time, CAS low to RAS high | tes 
tRLCHR Delay time, RAS low to CAS high! 


ee 
ee 
|) 20s | 
: Delay time, CAS low to W low : 
CLWL (read-modify-write cycle only) CwWD 
pms | 

















Delay time, RAS low to CAS low 
tRLCL (maximum value specified only 







tRCcD 





to guarantee access time) 


, Delay time, RAS low to W low 
RLWL (read-modify-write cycle only) 


trf Refresh time interval 


- Continued next page. 
NOTE 3: Timing measurements are referenced to Vij, max and Vj}j min. 
4CTAS-before-RAS refresh only. 


tRwD 
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timing requirements over recommended supply voltage range and operating free-air temperature range 


(continued) 
am TMS4256-15 TMS4256-20 
: ™MS4257-15 ™S4257-2 UNIT 
SEOL 4257 57-20 
tpc 
tpCM 
tRC 
twc 
tcp 


te(P) Page-mode cycle time (read or write cycle) Pi 
R 
Wi 
Cc 








190 





nN 
> 
ao 


te(rd) Read cycle time! 
te(w) Write cycle time 


tc(PM) Page-mode cycle time (read-modify-write cycle) 
te(rdW) Read-write/read-modify-write cycle time tRWC 


wo 
~ 
°o 


twiCH)P _ Pulse duration,CAS high (page mode) 
twiCH Pulse duration, CAS high (non-page mode) tCPN 


twiCL Pulse duration, CAS low* tCAS 75 10,000 100 10,000 


twi(RH) Pulse duration, RAS high 


.WP 
i 
Taste 


tsu(rd) Read-command setup time tRcs 


‘ Early write-command setup time : 
su(WCL) before CAS low WCS 


tsu(WCH) . Write-command setup time before CAS high tCWL 
tsu(WRH) | Write-command setup time before RAS high tRWL 
thiCLCA) _ Column-address hold time after CAS low tCAH 












150 10,000 200 10,000 


> 
a 


=r 
th{RLCA) _ Column-address hold time after RAS low 
a 


thi(RLW) | Write-command hold time after RAS low tWCR 





Continued next page. 

NOTE 3: Timing measurements are referenced to Vj, max and Vjy min. 

TAN cycle times assume ty = 5 ns. 

tin a read-modify-write cycle, teLw and tsu({WCH) must be observed. Depending on the user’s transition times, this may require additional 
CAS low time tw(ct)). This applies to page-mode read-modify-write also. 


8In a read-modify-write cycle, tRLWL 2nd tsy(WRH) Must be observed. Depending on the user's transition times, this may require additional 
RAS low time (tw (RL))- 
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timing requirements over recommended supply voltage range and operating free-air temperature range 


(concluded) 
ee TMS4256-15 | TMS4256-20 
} 1™MS4257-15 | TMS4257-20 
symper [MIN MAX 
tRLCH _Delay time, RAS low to TAS high | tcsH | 150 
tCLRH Delay time, CAS low to RAS high 
tRLCHR _ Delay time, RAS low to CAS high! | tce =| 30] 










tCLAL Delay time, TAS low to RAS low! tcsR 


tRHCL _Delay time, RAS high to CAS low! 
: Delay time, CAS low to W low ‘ 
CLWL (read-modify-write cycle only) Cw 

Delay time, RAS low to W low pos | 















Delay time, RAS low to CAS low 
tRLCL (maximum value specified only 








to guarantee access time) 


an t 
RLWL (read-modify-write cycle only) RWD 


tref Refresh time interval 


NOTE 3: Timing measurements are referenced to Vj, max and Viy min. 
{CAS-before-RAS refresh only. . 





NIBBLE-MODE CYCLE 


switching characteristics over recommended supply voltage range and operating free-air temperature 
range 


PARAMETER ALT. TMS4257-12 | TMS4257-15 | TMS4257-20 UNIT 
symeo. [WIN MAX [MIN MAX [MIN MAX 


timing requirements over recommended supply voltage range and operating free-air temperature range 


ALT. TMS4257-12 | TMS4257-15 | TMS4257-20 UNIT 
symeot_[ MIN MAX | MIN MAX | MIN MAX | 


| tctrawny) _Nibble-mode read-modify-wite cycle time | twaMw_| 
rcs Nbble-mode delay time, CAS low to RAS hah | _twash 


: Nibble-mode read-modify-write pulse , 
CRWN ; t 70 
sd duration, CAS low NCRW 


, Nibble-mode write command setup : 
su(WCHN) time before CAS high NCWL 
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read cycle timing 


fe tor) —————-++ 
| . 
| = *w(RL| >| | 


mr | | | 
—>| le—te }o——— tc_LRH > }*— twiRH)->4 
| be trict —>}x— twice le ton. —>4 
ke——__—__ eg 
a ek ) | ‘ 
—| be teuira) | ‘ i twice 
| ncn —I 
tray] be— | | 
y | | —o| I+ tsuicay ! 
A0-A8 XXX) 





}! ] 
th(RHrd 
I | ee | 3 sl 
t 
| —+ be — toute be——et— thicra) 






V\\AAAAAAAAAAA/ iy 


AAS 
Ww WY DON’T CARE X¥) XXX) 


| 
| +—l tdis(CH) 


Qa —_|— HI-Z VALID 


}+——— tap) ————> 
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VIH 
ViL 


ViH 


VIL 


VIH 


Vit 


ViH 
Vit 


VOH 


VoL 
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early write cycle timing 


Jj ——_—teqw ——_—> 
| | 
| *——twirty + | | 


| | Vin 
—| (te se " J twiRH) 


| be— tric. —o H—tcur—o| 


| #———"rcu 
T ke-—— tw cL) ———} 


teunay a | —| f+ tsuica) | 
}o——tninLcA) —> | 

thina) <-> | eer thicica) | 

| | Ii | 











ViH 





CAS ' 


ke-—— twice) ——>| 





VIL 






































































VIH 
OARAAAA LRAAAAS 
apne YK COLUMN KSSAAY DON'T CARE ANY) a 
4 
tsu(WCL) —>I . I | 
| fee tsutwcH)———> ' 
—— tsu(WRH) ———_—+} 
i th(RLW) > 
\ | | —thicLw) —- - 
Ww 1! ARO VETER IH 
VAVIIVS, PITH 000,09, VIL 
i] 
| ww) 
| , 
| — thiCLD) — 
etna.) ———l 
0 V 
XYYXX AAAS a 00-074. tr vaunpata } (YXXXK XX CRAKS "9"9'e'8 5 aX 1H 
D AN DONT CARE SANRDK! VALID DATA _YSXOXRNDONT. CARE ROR Vib 
8 
—||-— tsu(D) 
VOH 
Qa oy 
VoL 
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write cycle timing 


ee 
| ; | 
i. ena i | 
I : 

| | | 
| pote imi fo twiRH) 

| be— tac. —>} le—tcur —e| 

| je-———___ taco —____—o I] 
a tw(CL) —— J 
CAS | | 1 
teuinarfo-od | —> i*-tsu(ca) [ a 

1 }*+— tniatcay —4 —o| le— t . 

hIRAI—fe-o} | le—F- thiCL.cAl | {| 












| | '-—tsurwrny—>4 
—$—$<—t nto ———$_—) 1 
hee -thicLwi—> ' 
QI IOI I ees ¥, t (XXX) 










W nis DON'T CAR 


ODOC ae eterava ae 







| fe ww I 


tf thiwip) >} 











COCCCNs: CAARAKA? CK 
NKR Doan nara REX REXRE 


[he 
= f*-tsu(D) | 
}-— tent —> beet tuisicH) 
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Vin 
Vit 


ViH 
ViL 


ViH 


Vin 


VIH 


VIL 


VIH 


Vit 


VOH 
VoL 


TThe enable time (ten) for a write cycle is equa! in duration to the access time from CAS (ta(c)) in a read cycle; but the active levels at 
the output are invalid. 





TMS4256, TMS4257 
262,144-BIT DYNAMIC RANDOM-ACCESS MEMORIES 





read-write/read-modify-write cycle timing 
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NOTE 4: A write cycle or a read-modify-write cycle can be intermixed with read cycles as long as the write and read-modify-write timing specifications are not violated. 
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NOTE 5: A read cycle or a read-modify-write cycle can be intermixed with write cycles as long as read and read-modify-write timing specifications are not violated. 
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NOTE 6: A read or a write cycle can be intermixed with read-modify-write cycles as long as the read and write timing specifications are not violated. 
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nibble-mode read cycle timing 
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nibble-mode read-modify-write-cycle timing 
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RAS-only refresh cycle timing 
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automatic (CAS-before-RAS) refresh cycle timing 
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AUGUST 1980—REVISED NOVEMBER 1985 





16,384 X 4 Organization N PACKAGE 


Single 5-V Supply (10% Tolerance) OR MIEM) 
Performance Ranges: G 
pai 
ACCESS ACCESS READ READ- pa2 
TIME TIME OR MODIFY- W 
ROW COLUMN WRITE WRITE ad 
ADDRESS ADDRESS CYCLE CYCLE RAS 
(MAX) (MAX) (MIN) — (MIN) AG 
™MS4416-12  120ns 7Ons 230ns 315ns_ - A5 
TMS4416-15 150 ns 80ns 260ns 365ns A4 


TMS4416-20 200 ns 120ns 330ns 445ns 


© Available with MIL-STD-883B Processing 
and L(O°C to 70°C), E(—40°C to 85°C), or FP PACKAGE 
S(— 55°C to 100°C) Temperature Ranges (TOP VIEW) 


Vppb 





Long Refresh Period . . . 4 ms 


Low Refresh Overhead Time .. . As Low As 
1.7% of Total Refresh Period ' 


© All Inputs, Outputs, Clocks Fully TTL 
Compatible 


3-State Unlatched Outputs 


Dynamic RAMs . 


Early Write or G to Control Output Buffer 
Impedance 





Page-Mode Operation for Faster Access 


Low Power Dissipation 
— Operation... 200 mW (Typ) 


PIN NOMENCLATURE 









— Standby... 17.5 mW (Typ) A0-A7 Address Inputs 
: CAS Column-Address Strobe 
© SMOS (Scaled-MOS) N-Channel Technology DO1-D04 Data In/Data Out 
G Output Enable 
RAS Row-Address Strobe 
Vpp 5-V Supply 
Vss Ground | 


W Write Enable 





description 


The TMS4416 is a high-speed, 65,536-bit, dynamic, random-access memory, organized as 16,384 words 
of 4 bits each. It employs state-of-the-art SMOS (scaled MOS) N-channel double-leve! polysilicon gate 
technology for very high performance combined with low cost and improved reliability. 


The TMS4416 features RAS access times to 120 ns maximum. Power dissipation is 200 mW typical 
operating, 17.5 mW typical standby. 


SMOS technology permits operation from a single 5-V supply, reducing system power supply and decoupling 
requirements, and easing board layout. IpDp peaks have been reduced to 60 mA typical, and a — 1-V input 
voltage undershoot can be tolerated, minimizing oem noise considerations. Input clamp diodes are used 
to ease system design. 





PRODUCTION DATA documents contain information . Copyright © 1985, Texas Instruments Incorporated 
current as of publication date. Products conform to 

spectieetons per “ ae of Texas ansuaseats TE 4-99 
standard warranty. Production processing does not ? 
necessarily include testing of all parameters. INSTRUMENTS 
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Refresh period is extended to 4 milliseconds, and during this period each of the 256 rows must be strobed 
with RAS in order to retain data. CAS can remain high during the refresh sequence to conserve power. 


All inputs and outputs, including clocks, are compatible with Series 74 TTL. All address lines and data 
in are latched on chip to simplify system design. Data out is unlatched to allow greater system flexibility. 


The TMS4416 is offered in 18-pin plastic dual-in-line and 18-lead plastic chip carrier packages. It is 
guaranteed for operation from 0°C to 70°C. The dual-in-line package is designed for insertion in mounting- 
hole rows on 7,62-mm (300-mil) centers. 


operation 


SINYWY olweudg 7 


address (AO through A7) 


Fourteen address bits are required to decode 1 of 16,384 storage locations. Eight row-address bits are 
set up on pins AO through A7 and latched onto the chip by the row-address strobe (RAS). Then the six 
column-address bits are set up on pins A1 through A6 and latched onto the chip by the column-address 
strobe (CAS). All addresses must be stable on or before the falling edges of RAS and CAS. RAS is similar 
to a chip enable in that it activates the sense amplifiers as well as the row decoder. CAS is used as a 
chip select activating the column decoder and the input and output buffers. 


write enable (W) 


The read or write mode is selected through the write-enable (W) input. A logic high on the W input selects 
the read mode and a logic low selects the write mode. The write-enable terminal can be driven from standard 
TTL circuits without a pull-up resistor. The data input is disabled when the read mode is selected. When 
W goes low prior to CAS, data out will remain in the high-impedance state allowing a write cycle with 
G grounded. 


data in (DQ1 through DQ4) 


Data is written during a write or read-modify-write cycle. Depending on the mode of operation, the falling 
edge of CAS or W strobes data into the on-chip data latches. These latches can be driven from standard 
TTL circuits without a pull-up resistor. In an early write cycle, W is brought low prior to CAS and the data 
is strobed in by C CAS with setup and hold times referenced to this signal. Ina delayed-write or read-modify- 
write cycle, CAS will already be low, thus the data will be strobed in by W with setup and hold times 
referenced to this signal. In a delayed or read-modify-write cycle, G must be high to bring the output buffers 
to high impedance prior to impressing data on the |/O lines. 


data out (DQ1 through DQ4) 


The three-state output buffer provides direct TTL compatibility (no pull-up resistor required) with a fan 
out of two Series 74 TTL loads. Data out is the same polarity as data in. The output is in the high-impedance 
(floating) state until CAS is brought low. In a read cycle the output goes active after the access time interval 
ta(C) that begins with the negative transition of CAS as long as ta(R) and ta(G) are satisfied. The output 
becomes valid after the access time has elapsed and remains valid while CAS and G are low. CAS or G 
going high returns it to a high-impedance state. In an early write cycle, the output is always in the high- 
impedance state. In a delayed-write or read-modify-write cycle, the output must be put in the high-impedance 
state prior to applying data to the DQ input. This is accomplished by bringing G high prior to applying data, 
thus satisfying tGHpD. 


output enable (G) 


The G input controls the impedance of the output buffers. When Gis high, the buffers will remain in the 
high-impedance state. Bringing G low during a normal cycle will activate the output buffers putting them 
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in the low-impedance state. It is necessary for both RAS and CAS to be brought low for the output buffers 
to go into the low-impedance state. Once in the low-impedance state, they will remain in the low-impedance 
state until G or CAS is brought high. 


refresh 


A refresh operation must be performed at least every four milliseconds to retain data. Since the output 
buffer is in the high-impedance state unless CAS is applied, the RAS-only refresh sequence avoids any 
output during refresh. Strobing each of the 256 row addresses (AO through A7) with RAS causes all bits 
in each row to be refreshed. CAS can remain high (inactive) for this refresh sequence to conserve power. 


page mode 


Page-mode operation allows effectively faster memory access by keeping the same row address and strobing 
successive column addresses onto the chip. Thus, the time required to setup and strobe sequential row 
addresses for the same page is eliminated. To extend beyond the 64 column locations on a single RAM, 
the row address and RAS are applied to multiple 16K x 4 RAMs. CAS is then decoded to select the proper 
RAM. 





power up 


After power up, the power supply must remain at its steady-state value for 1 ms. In addition, the RAS 
input must remain high for 100 ps immediately prior to initialization. Initialization consists of performing 
eight RAS cycles before proper device operation is achieved. 


Dynamic RAMs - 


logic symbolt 





RAM 16K x 4 











20D6 
20D7/21D0 





0 
AT6,383 





20D12/21D5 
20D13 
C20[ROW] 
G23/[REFRESH ROW] 





t This symbol is in accordance with ANSI/IEEE Std.91-1984 and IEC Publication 617-12. 
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functional! block diagram 
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AMPS 











(1/2) 4 OF 256 COLUMN DECODE | _ | 


DUMMY CELLS 







COLUMN 
ADORESS 
BUFFERS 
(6) 








(1/2) MEMORY ARRAY 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 


Voltage range for any pin except Vpp and data out (see Note 1)............... -1.5Vto 10 V 
Voltage range for Vpp supply and data out with respect to VSS............-00005 -1Vto6BV 
Short circuit output current... 2... ee ee eee eee eee 50 mA 
Power dissipationis. «sat ee dae wl ee es Pe aw EW ead oe PER a ea eee ae ae ee eee Sa 1W 
Operating free-air temperature range... 2.6... ee et ee eee ene O°C to 70°C 
Storage temperature range... 1.1... . ce ee ee eet ete ee nes -65°C to 150°C 


T Stresses beyond those listed under ‘‘Absolute Maximum Ratings’’ may cause permanent damage to the device. This is a stress rating 
only and functional operation of the device at these or any other conditions beyond those indicated in the ‘‘Recommended Operating 
Conditions’’ section of this specification is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect 
device reliability. ‘ 

NOTES: 1. All voltage values in this data sheet are with respect to Vss. 

2. Additional information concerning the handling of ESD sensitive devices is available in a document entitled ‘’Guidelines for 
Handling Electrostatic-Discharge-Sensitive (ESDS) Devices and Assemblies’’ in Section 12. 
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recommended operating conditions 


Vop Supply voltage p45 5 55 | UV | 
Vgg___ Supply voltage a ee 


: . Vpop = 4.5 V 2.4 48 
VIH High-level input voltage 
Vpp = 5.5 V 2.4 5.8 


VIL Low-level input voltage (see Notes 3 and 4) -0.6 0 0.8 Vv 
TA Operating free-air temperature °c 


NOTES: 3. The algebraic convention, where the more negative (less positive) limit is designated as minimum, is used in this data sheet 
for logic voltage levels only. 
4. Due to input protection circuitry, the applied voltage may begin to clamp at —0.6 V. Test conditions must comprehend this 
occurrence. See application report entitled ‘’TMS4164A and TMS4416 Input Protection Diode’ on page 9-5. , 



















electrical characteristics over full ranges of recommended operating conditions (unless otherwise noted) 


™MS4416-12 
PARAMETER TEST CONDITIONS UNIT 
MIN TYPt MAX 


VoH __ High-level output voltage lon = -2mA 









Vi = OV to 5.8 V, . 
Vop = 5V, 
All other pins = 0 V 


| : ia Vo = 0.4 V to 5.5 V, Eas [naa 
utput current (leakage yi 
‘ : ? Vpp = 5 V. CAS high 


Average operating current te = minimum cycle, A 
m. 
pel during read or write cycle All outputs open 











I Input current (leakage) 














Standby thigank After 1 memory cycle, 
Ipp2 RAS and CAS high, 
(see Note 5) 








All outputs open 






te = minimum cycle, 
RAS cycling, CAS high, 
All outputs open 








Ipp3 Average refresh current 








te(P) = minimum cycle, 
RAS low, CAS cycling, 
All outputs open 





Average page-mode 
Ipp4 






current 





T All typical values are at Ta = 25°C and nominal supply voltages. 
NOTE 5: Vj_>-—0.6V on all inputs. See application report entitled ‘‘TMS4164A and TMS4416 Input Protection Diode’’ on page 9-5. 
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electrical characteristics over full ranges of recommended operating conditions (unless otherwise noted) 


T™MS4416-15 T™MS4416-20 
PARAMETER TEST CONDITIONS UNIT 
MIN TyPt MAX | MIN. TYPt MAX 


VOH High-level output voltage lon = -2 mA cee Ea 
VoL Low-level output voltage any 4.2 mA Lv | 


=OVto 5.8V, 
e = 5V, 
All other pins = 0 V 


=0.4Vto 5.5 V, 
loo, AY2"992 operating current 
; during read or write cycle All outputs open 


After 1 memory cycle, 
RAS and CAS high, 
All outputs open 











< 






< 
















FT Input current (leakage) 



















Standby current 
(see Note 5) 







te = minimum cycle, 
RAS cycling, CAS high, 
Al! outputs open 






Average refresh current 






tc(p) = minimum cycle, 
RAS tow, CAS cycling, 


All outputs open 












Average page-mode 


\pp4 
current 








Tal typical values are at Ta = 25°C and nominal supply voltages. 
NOTE 5: Vi_2=-—0.6V on all inputs. See application report entitled ‘‘TMS4164A and TMS4416 Input Protection Diode” on page 9-5. 


PARAMETER 


Cia) Input capacitance, address inputs 


Circ) Input capacitance, strobe inputs 


Ci(w) Input capacitance, write-enable input 


Ci/o '  Input/output capacitance, data ports 
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switching characteristics over recommended supply voltage range and operating free-air temperature range 


ALT. ™MS4416-12 
PARAMETER TEST CONDITIONS symBou [MIN Max] UNIT 
CHE = 100 pF, 


coe 4=}2 
tRAC 120 


CL = 100 pF, 
Load = 2 Series, 74 TTL gates 
= 100 F, : 
= 100 oF 
tdis(CH) Output disable time after CAS high nee 2 Series 74 TTL gates tOFF 
‘ Output disable time = 100 pF, 
dis(G) after G high ie 2 Series 74 TTL gates | toez | 


™iS4416- aera T™MS4416.- a ao 
PARAMETER TEST CONDITIONS pir OL UNIT 
CHE = 100 pF, 


coe eh Sno 
tRAC 


CL = 100 pF, 
= 100 pF, 
nalG) nee me alee . jon Load a 2 Series aa TTL Gates | tors | so] 0] ms | 


Load = 2 Series, 74 TTL gates 
tdis(CH) Output disable time after CAS high re 


a Output disable time = 100 pF, 
dis(G) after G high a = 2 Series 74 TTL gates 

















ta(R) Access time from RAS 





























ta(R) Access time from RAS 













ee 
oo 
Ns 
No 
gm 
oO 
a 
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timing requirements over recommended supply voltage range and operating free-air temperature range . 





ALT. TMS4416-12 UNIT 
SYMBOL | MIN, MAX | 
tc(P Page-mode cycle time tpc 120 


fad 


te(rd Read cycle time 
tow Write cycle time 
te(rdWw Read-write/read-modify-write cycle time 
tw(CH Pulse duration, CAS high (precharge time)* 
twiCL Pulse duration, CAS low§ 
twiRH Pulse duration, RAS high (precharge time) 
twiRL Pulse duration, RAS low 
tw(w ‘Write pulse duration 
Transition times (rise and fall) for RAS and CAS 
tsu(CA Column-address setup time 
tsu(RA Row-address setup time | 
tsu(D Data setup time 
_ tsuird Read-command setup time 
tsu(WCH) Write-command setup time before CAS high 
tsu(WRH) Write-command setup time before RAS high 


R 
Ww 
tRWC 
P 
tcas 


0 [QO 


- 
OQ 


70 10,000 


120 10,000 
W. 


= 
mc] 


tasc 
-TASR 


tRCS 
tCWL 
tRWL 


tCAH 
thi(RA Row-address hold time 


th(RLCA) Column-address hold time after RAS low 
thiCLD) _Data hold time after CAS low 
thiRLD) Data hold time after RAS low 


fad 
> 
a 


we a 
ona 
bal a4 


th(WLD) _Data hold time after W low tp 
thiRHrd) _Read-command hold time after RAS high tRRH 
thiCHrd) _Read-command hold time after CAS high tRCH 
thicLw) _Write-command hold time after CAS low tWCH 
thiRLW) _Write-command hold time after RAS low tWCR 
tRLCH _Delay time, RAS low to CAS high tCSH 
tCHRL Delay time, CAS high to RAS low tcrP 
tCLRH Delay time, CAS low to RAS high 7 
{CENA Delay time, CAS low to W low ene 
(read-modify-write-cycle only)# 
uel Delay time, RAS low to CAS low ner 
(maximum value specified only to guarantee access time) 
Delay time, RAS low to W low 
tRLWL tRWD 17 


(read-modify-write-cycle only)# 

tWLCL Delay time, W low to CAS low (early write cycle) 
tGHD Delay time, G high before data applied at DO 

trf Refresh time interval 


twcs 


=> 
iS] 
fo) oO fo) 


tREF 





T All cycle times assume tr=5 ns. 

+ Page mode only. 

5 In a read-modify-write cycle, tcLw Land tsu(WCH) Must be observed. Depending on the user’s transition times, this may require additional 
CAS tow time tw(CL)- 

fina read-modify-write cycle, ta_ WL 2nd tsu(WRH) Must be observed. Depending on the user’s transition times, this may require additional 
RAS low time twi(RL): ; 

# Necessary to insure G has disabled the output buffers prior to applying data to the device. 
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timing requirements over recommended supply voltage range and operating free-air temperature range 


Al ™S4416-15 | TMS4416-20 UNIT 
SYMBOL 

t 

t 









te(P Page-mode cycle time 
tc(rd) Read cycle time 


Ww 
Ww 
o 


tc(w Write cycle time | two | 


tc(rdw) _ Read-write/read-modify-write cycle time 


twiCH Pulse duration, CAS high (precharge time) 


120 10,000 


150 10,000 | 200 10,000 


twi(RH Pulse duration, RAS high (precharge time) 

tw(RL Pulse duration, RAS low 

twi(W Write pulse duration | twp | 
tt Transition times (rise and fall) for RAS and CAS 





tsu(CA Column-address setup time tASC 
tsu(RA) Row-address setup time 





tae DAS A 
Fteup) Data seuptime ———=—SSC~C~SCSSSSSTT. ts 
tsu(rd) Read-command setup time 
tsu(WCH) Write-command setup time before CAS high tCWL 
tsu(WRH) Write-command setup time before RAS high 
i A 















rec 
Tre | 
r tcp | 
070,000 
[tap 
acral 
tase _| 
Trew | 


thiRLCA) Column-address hold time after FAS Iow —————SS—S~dStarn | 
thicup) Data hold time after CAS low —_———SSCSCSCSCSSt 
thwip) Data hold time afterWiow SSCS to 
thipirg) Read-command hold time after RAS high ——S~d | 

[wer 


thiCLCA) Column-address hold time after CAS low 


NS > 
° S 


110 


Dynamic RAMs A 


LT. 
tec 
tRc 
wc 
tcp 
tap 
WP. 
tT 
taR 
tbH 


th(CHrd) _Read-command hold time after CAS high 
thicLw) _Write-command hold time after CAS low 


thiRLW) _Write-command hold time after RAS tow tWCR 1 
tRLCH Delay time, RAS low to CAS high 
tCHRL Delay time, CAS high to RAS low 


tCLRH Delay time, CAS tow to RAS high 


20 
30 
‘ Delay time, CAS low to W low . ; 496 
oor (read-modify-write-cycle only)* oe 
20 70 






ie Delay time, RAS low to CAS low 
(maximum value specified only to guarantee access time) 

ee Delay time, RAS low to W low 
(read-modify-write-cycle only)* ; 


twLcL _Delay time, W low to CAS low (early write cycle) 


tGHD __Delay time, G high before data applied at DQ 
tr Refresh time interval 


T All cycle times assume ty=5 ns. 

+ Page mode only. : 

§ Ina read-modify-write cycle, tc_ wand tsu(WCH) Must be observed. Depending on the user’s transition times, this may require additional 
CAS low time twi(CL)- , 

1 In a read-modify-write cycle, tht WL and tsu(WRH) Must be observed. Depending on the user’s transition times, this may require additional 
RAS tow time tyw(RL)- 

# Necessary to insure G has disabled the output buffers prior to applying data to the device. 
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PARAMETER MEASUREMENT INFORMATION 


\ Vcc 
qn (—) 












REMAINING 
_ vi INPUTS 


| OPEN 


NOTE 6: Each input is tested separately. 
FIGURE 1. INPUT CLAMP VOLTAGE TEST CIRCUIT 


———— te(rd) ————_—_______» 
| 
| 


Vf») ——_—__—_—o ! 
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OUTPUT(S) 
OPEN 
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early write cycle timing 
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write cycle timing 
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read-write/read-modify-write cycle timing 
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NOTE 7: A write cycle or read-modify-write cycle can be intermixed with read cycles as long as the write and read-modify-write timing specifications are not violated. 
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NOTE 8: A read cycle or a read-modify-write cycle can be intermixed with write cycles as long as read and read-modify-write timing specifications are not violated. 
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NOTE 9: A read cycle or a write cycle can be intermixed with read-modify-write cycles as long as read and write timing specifications are not violated. 
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RAS-only refresh timing 
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NOVEMBER 1983—REVISED NOVEMBER 1985 


N PACKAGE 
(TOP VIEW) 





65,536 X 4 Organization 
Single 5-V Supply (10% Tolerance) 
JEDEC Standardized Pinout 


Pinout Identical to TMS4416 (16K X 4' 
Dynamic RAM). 


Performance Ranges: 


ACCESS ACCESS READ READ- 
TIME TIME =OR__ MODIFY- 
ROW COLUMN WRITE WRITE 

ADDRESS ADDRESS CYCLE CYCLE FM PACKAGE 
(MAX) = (MAX) = (MIN) (MIN) 





(TOP VIEW) 
T™MS4464-12 120ns  60ns 230ns 310ns 4 a 
TMS4464-15 150 ns 75ns 260ns 345ns co] 3 (o] 
TMS4464-20 °200ns 100ns 330ns 435ns oo > 0 


© Long Refresh Period . . . 4 ms (Max) 


@ Low Refresh Overhead Time . . . As Low As 
1.3% of Total Refresh Period 


@ On-Chip Substrate Bias Generator 


@ All Inputs, Outputs, and Clocks Fully TTL 
Compatible 


© 3-State Unlatched Output 


Dynamic RAMs * 





© Early Write or G to Control Output Buffer 





Impedance 
Page-Mode Operation for Faster Access Address Inputs 
Power Dissipation As Low As: CAS Column-Address Strobe 
— Operating . . . 275 mW (Typ) bQ1-DQ4 Data In/Data Out 
— Standby... 12.5 mW (Typ) SG Output Enable 
os ae NC No Connection 
RAS-Only Refresh Mode RAS Row-Address Strobe 
CAS-Before-RAS Refresh Mode VoD BY Supply 

Vss Ground 

WwW Write Enable 

description 


The TMS4464 is a high-speed, 262, 144-bit dynamic random-access memory, organized as 65,536 words 
of four bits each. It employs state-of-the-art SMOS (scaled MOS) N-channel double-level polysilicon/polycide 
gate technology for very high performance combined with low cost and improved reliability. 


This device features maximum RAS access times of 120 ns, 150 ns, or 200 ns. Typical power dissipation 
is as low as 275 mW operating and 12.5 mW standby. 


New SMOS technology permits operation from a single 5-V supply, reducing system power supply and 
decoupling requirements, and easing board layout. Ipp peaks are 125 mA typical, and a — 1-V input voltage 
undershoot can be tolerated, minimizing system noise considerations. 


All inputs and outputs, including clocks, are compatible with Series 74 TTL. All address and data-in lines 
are latched on chip to simplify system design. Data out is unlatched to allow greater system flexibility. 





PRODUCTION DATA documents contain information . Copyright © 1985 Texas Instruments Incorporated 
cure as of puariestee date. Hacked eestor . TE 4p 

specifications per the terms of Texas Instruments XAS 4-117 
standard warranty. Production processing does not 

necessarily include testing of all parameters. INST RUMENTS 
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The TMS4464 is offered in 18-pin plastic dual-in-line- and 22-lead plastic chip carrier packages. It is 
guaranteed for operation from 0°C to 70°C. The dual-in-line package is designed for insertion in mounting- 
hole rows on 7,62-mm (300-mil) centers. 


operation 


SINVH di1weudg s 


address (AO through A7) 


Sixteen address bits are required to decode 1 of 65,536 storage locations. Eight row-address bits are set 
up on pins AO through A7 and latched onto the chip by the row-address strobe (RAS). Then the eight 
column-address bits are set up on pins AO. through A7 and latched onto the chip by the column-address 
strobe (CAS). All addresses must be stable on or before the falling edges of RAS and CAS. RAS is similar 
to a chip enable in that it activates the sense amplifiers as well as the row decoder. CAS is used as a 
chip select activating the column decoder and the input and output buffers. 


write enable (W) 


The read or write mode is selected through the write-enable (W) input. A logic high on the W input selects 
the read mode and a logic low selects the write mode. The write-enable terminal can be driven from standard * 
TTL circuits without a pull-up resistor. The data input is disabled when the read mode is selected. When 
W goes low prior to CAS, data out will remain in the high-impedance state for the entire cycle permitting 
common 1/O operation. 


data in (DQ1-DQ4) 


Data is written during a write or read-modify-write cycle. Depending on the mode of operation, the falling 
edge of CAS or W strobes data into the on-chip data latches. These latches can be driven from standard 
TTL circuits without a pull-up resistor. In an early write cycle, W is brought low prior to CAS and the data 
is strobed in by CAS with setup and hold times referenced to this signal. In a delayed-write or read-modify- 
write cycle, CAS will already be low, thus the data will be strobed in by W with setup and hold times 
referenced to this signal. In a delayed or read-modify-write cycle, G must be high to bring the output buffers 
to high impedance prior to impressing data on the 1/O lines. 


data out (DQ1-DQ4) 


The three-state output buffer provides direct TTL compatibility (no pull-up resistor required) with a fan 
out of two Series 74 TTL loads. Data out is the same polarity as data in. The output is in the high-impedance 
(floating) state until CAS is brought low. In a read cycle the output goes active after the access time interval 
ta(C) that begins with the negative transition of CAS as long as ta(R) and ta(G) are satisfied. The output 
becomes valid after the access time has elapsed and remains valid while CAS and G are low. CAS or G 
going high returns it to a high-impedance state. In a delayed-write or read-modify-write cycle, the output 
must be put in the high-impedance state prior to applying data to the DO nper This is accomplished by 
bringing G high prior to applying data, thus satisfying tGHD- 


output enable (G) 


The G input controls the impedance of the output buffers. When G is high, the buffers will remain in the 
high-impedance state. Bringing G low during a normal cycle will activate the output buffers putting them 
in the low-impedance state. It is necessary for both RAS and CAS to be brought low for the output buffers 
to go into the low-impedance state. Once in the low-impedance state they will remain in the low-impedance 
state until G or CAS is brought high. 


refresh 


A refresh operation must be performed at least once every four milliseconds to retain data. This can be 
achieved by strobing each of the 256 rows (AO-A7). A normal read or write cycle will refresh all bits in 
each row that is selected. A RAS-only operation can be used by holding CAS at the high (inactive) level, 
thus conserving power as the output buffer remains in the high-impedance state. 
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CAS-before-RAS refresh 


. 


The CAS-before-RAS refresh is utilized by bringing CAS low earlier than RAS (see parameter tCLRL) and 
and holding it low after RAS falls (see [see parameter tRLCHR). For successive CAS-before-RAS refresh cycles, 
CAS can remain low while cycling RAS. The external address is ignored and the refresh address is generated 


internally. 


page mode 


Page-mode operation allows effectively faster memory access by keeping the same row address and strobing 
random column addresses onto the chip. Thus, the time required to setup and strobe sequential row 
addresses for the same page is eliminated. The maximum number of columns that can be addressed is 
determined by tw(RL), the maximum RAS low pulse duration. 


power up 


To achieve proper device operation, an initial pause of 200 us is required after power up followed by a 


minimum of eight initialization cycles. 


logic symbolt 





RAM 64K X 4 
20D8/21D0 






AO (14) 


Al 
A2 
A3 
A4 
AS 
A6 
A7 







20015/21D7 
o> C20[ROW] 

~ G23/[REFRESH ROW] 

24[PWR DWN) 






RAS 





CAS 


ors 


bai 


pa2 
pa3 
baa 


tThis symbol is in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12. 
Pin numbers shown are for the dual-in-line package. 
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functional block diagram 


RAS CAS rey Ww 










ROW 
32K ARRAY 







ROW 
ADDRESS 256 SENSE AMPS al 256 SENSE AMPS 
BUFFERS 
(8) 











32K ARRAY sie 32K ARRAY 
DECODE 


COLUMN DECODE mere 


32K ARRAY ROW 32K ARRAY 
DECODE 






vo 
BUFFERS 
AO (4) 


Al bQ1-0D04 








A2 COLUMN 
A3 ADDRESS 
ae BUFFERS 256 SENSE AMPS 256 SENSE AMPS 


AS (8) 


A6 
A7 


32K ARRAY Row 32K ARRAY 
DECODE 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) t 


Voltage on any pin including Vpp supply (see Note 1)........... 00... eee ee ee eee -1Vto7V 
Short circuit output Current 2... 0. eee ee eee ete ee ee nes 50 mA 
POWerCISSIPSTON 202% as, oie se ean ew ogee nal ab cede, les, wen eee ac Bla Sal ores a dg a ele ee ele OS eae wt 1W 
Operating free-air temperature range ...... 2... .. ee ee ee eee eee tenes 0°C to 70°C 
Storage temperature range .. 1... 0... cee ee eee ee eee eee tees -—65°C to 150°C 


T Stresses beyond those listed under ‘‘Absolute Maximum Ratings’’ may cause permanent damage to the device. This is a stress rating 
only and functional operation of the device at these or any other conditions beyond those indicated in the ‘Recommended Operating 
Conditions’ section of this specification is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect 
device reliability. 

NOTE 1: All voltage values in this data sheet are with respect to Vss. 


recommended operating conditions 


a 7S 
[Vpn Sueplyvotage —SC™~—CSCSC~CSC~CS~SCSCSCSCTTCS AZ | VY 
[vss Supply voltage dO 
[Vin Low-level input voltage (eee Note 2) —SSSSSCSCSCSC~C~S~SSSCSSSSCCCCCYY 1 SSS—Ci | Vd 


NOTE 2: The algebraic convention, where the more negative (less positive) limit is designated as maximum, is used in this data sheet 
for logic voltage levels only. 
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electrical characteristics over full ranges of recommended operating conditions (unless otherwise noted) 


PARAMETER TEST CONDITIONS eee UNIT 
MIN TYP MAX 


VOH High-level output voltage loH = -—5mA Vv 
pA 




















VoL Low-level output voltage lor = 4.2 mA : 


Vi = OV to 6.5 V, Vpop = SV, 
All other pins = 0 V to 6.5 V 
Vo = OVto 5.5 V, 
Vpp = 5 V, CAS high, 
All outputs open 
Average operating current te = minimum cycle, 
during read or write cycle All outputs open 

After 1 memory cycle, 
DQ1-DQ4 held at > OV, 
RAS and CAS high, 

All outputs open 





ly Input current (leakage) 

















Output current (leakage) 












IDD1 










Ipp2 Standby current 














te = minimum cycle, 

RAS low, CAS high, _ 
All outputs open 
tc(P) = minimum cycle, 
RAS low, CAS cycling, 
All outputs open 












IpDD3 Average refresh current m 















Ipp4 Average page-mode current mA 





Ea 

ae 
ae 
Le 
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TMS4464-15 TMS4464-20 
PARAMETER TEST CONDITIONS MIN Typ? MAX | MIN TYP UNIT 
+ 
+ 


VOH High-level output voltage lon = -5mA f 24 | 
VOL Low-level output voltage lo. = 4.2 mA PST 
\ 


MAX 
Se OY 
: Vi = OV to 6.5 V, Vpp = SV, 
Input current (leakage 10 +10 A 
e sa ge) All other pins = O V to 6.5 V K 
Vo = OVt0o 5.5 V, 
Vpp = 5 V, CAS high 10 +10 pA 
All outputs open 
Average operating current te = minimum cycle 
IDD1 ee ¢ z 55 70 mA 
during read or write cycle All outputs open 
After 1 memory cycle, 
mA 
. 
” 











lo Output current (leakage) 















lpp2 Standby current 







DQ1-DQ4 held at > O V,. 

RAS and CAS high, 

All outputs open 
| ss] ol 
pe ef oe 














te = minimum cycle, 
RAS low, CAS high, 
All outputs open 
te(P) = minimum cycle, 
RAS low, CAS cycling, 
All outputs open 





IpD3 Average refresh current 













lpp4 Average page-mode current 





TAI typical values are at Ta = 25°C and nominal supply voltages. 
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capacitance over recommended supply voltage range and operating free-air temperature range, 
f = 1 MHz 


TMS4464 
PARAMETER UNIT 
Typt MAX 













Ci(a) Input capacitance, address inputs | 4 7 | ope 
Ci(RC) Input capacitance strobe inputs | 8 10 {| pF 
Ci(w) Input capacitance, write enable input | 8 10 [| pF 








F 





Ci/o Output capacitance 


TAN typical values are at Ta = 25 °C and nominal supply voltages. 


switching characteristics over recommended supply voltage range and operating free-air 
temperature range 


ALT. 
PARAMETER TEST CONDITIONS ecb. 
t Access time f CAS tRLCL = MAX, Cy = 100 pF, ; 
c ime from 
asd Load = 2 Series 74 TTL gates CAC 
i RAS tRLCL = MAX, Cy = 100 pF, 
ta(R) Access time from RA ior gli See eile fae 


. + Access time after CL = 100-pF, 
a(G) G low Load = 2 Series 74 TTL gates 


Po Output disable time CL = 100 pF, 
dis(CH) after CAS high Load = 2 Series 74 TTL gates 


Output disable time CL = 100 pF, 


tdi =e 
dis(G) after G high Load = 2 Series 74 TTL gates 





switching characteristics over recommended supply voltage range and operating free-air 
temperature range 


ALT. TMS4464-15 | TMS4464-20 
: a=xa|  ‘tALCL = MAX, Cy = 100 pF, 
ta(C) Access time from CAS Load = 2 Series 74 TTL gates CAC 75 
GAC 
tOFF 
















. ——— tRLCL = MAX, CL = 100 pF, 
ta(R) Access time from RAS Load = 2 Series 74 TTL gates tRAC 
eer Access time after CL = 100 pF, 
a(G) G low Load = 2 Series 74 TTL gates 


$s Output disable time CL = 100 pF, 
dis(CH) after CAS high Load = 2 Series 74 TTL gates 


t 
t 
45; Output disable time CL = 100 pF, 
dis(G) after G high Load = 2 Series 74 TTL gates ‘GOFF 


+ ta(c) and ta(R) must be satisfied to guarantee tac): 
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timing requirements over recommended supply voltage range and operating free-air temperature range 


Al TMS4464-12 
SYMBOL 


LT. 
ae poem ee ere 
SPM = sored eylbine pentanely oar 
fea)_ Read evele ne 3 
few _Wrte evel tine 
Sir) Re otic nee cots ree en 
ieee Siesta tensa 

WP 

tT 

tAR 

tDH 























UNIT 


id 
wo 


tw{Gh) Pulse duration, CAS ow 50 70,000 
uyiRt) Pulse duran, RAS righ a ge 
iu} Puls duation-RAS tow 12010000 
ia) We pulse drat (arenes: eens 
tt Transition times {rise and fall) for RAS and CAS | itet—~—iSY 


tsu(CA) Column-address setup time tasc 


t 
tw(CH) Pulse duration, CAS high (non-page mode) 
t 


| 40 
| 350 | 
ee eee 
[tsulna) __Roweddress setuptime | tac TO 
Fteuio) ‘Datasouptime || CS 
[tsutrdy) __Read-command sewptime | acs 
Early-write command setup 

[ teutwery _Write-command setup time before CAS High [tom | AO 
[ tsulWRH) __Wite-command setup time before RAS high | straws ——SSC*dCOC*d 
| thicica) __Column-address hold time after CAS low. | tca =~ | 20 
Pinay —__“Row-address hold time] RAL 
| thiRLCA) __—Column-address hold time after RASlow [tan | 8 
| th(CLD) __—_Dataholdtime after CASlow | tHE 8K 
[turin Datahold time after RAS iow | tO | 8 
| thiwip) __—Datahold time after Wlow ft] 8 
|_thicHrd) __Read-command hold time after CAS high [tac =| 
| thiRHrd) ___—Read-command hold time after RAS high | tRRH | 1 

798 


thiCLW) Write-command hold time after CAS low 
thiRLW Write-command hold time after RAS low 


Continued next page. 

TAN cycle times assume ty = 5 ns. 

Hina read-modify-write cycle, tcLwWLand tgy(WCH) Must be observed. Depending on the user’s transition times, this may require additional 
CAS low time (ty(CL)). 

Sina read-modify-write cycle, tay WL and tsy(wRH) Must be observed. Depending on the user’s transition times, this may require additional 
RAS low time (ty (RL)). 
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ie ae over recommended supply voltage range and operating free-air temperature range 
continue 


ee eet eee Sea sii un 
tRLCHR Delay time, RAS low to CAS high! 
tRLCH Delay time, RAS low to CAS high 
TCHRL Delay time, CAS high to RAS low 


tRHCL Delay time, RAS high to GAS low 
tCLRH Delay time, CAS low to RAS high | CRS 


: Delay time, CAS low to W low 
CLWL (read-modify-write cycle only)* 


CLRL Delay time, CAS low to RAS low! 


te 
er es ee 
pos 
ieee 
Delay time, RAS low to CAS low 
tRcD 25 60 
to guarantee access time) 










tCWD 












TtRLCL (maximum value specified only 
aa Delay time, RAS low to W low 
(read-modify-write cycle only)# 
Delay time, G high before | tooo 
'GHD data applied at DO 


1TAS-before-RAS refresh option only. 
#6 must disable the output buffers prior to applying data to the device. 
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timing requirements over recommended supply voltage range and operating free-air temperature range 










tt Transition times (rise and fall) for RAS and CAS 
tsu(RA) Row-address setup time tasR 


tsuiGA)_Columnaddress setup time msc fo io —*d 


tsu(D) Data setup time 
tsu(rd) Read-command setup time tRcs 


Ca ree 
ik a 
fl sO. ne 
Early-write command setup 
tsu(WCL) time before CAS low ‘WCcS 
tom | 4 
tRWL Cs a 
tcan | 25 ~«| = 45 SSCs 
th(RA) Row-address hold time 
| 
c 
twer pi20 | 55 ns 


Continued next page. 

TAll cycle times assume ty = 5 ns. 

+in a read-modify-write cycle, tCLWLANd tsy(WCH) Must be observed. Depending on the user’s transition times, this may require additional 
CAS low time (tw(CL)). 

Sin a read-modify-write cycle, tarwt and tsu(WRH) Must be observed. Depending on the user’s transition times, this may require additional 
RAS low time (tw(RL))- : 


(continued) 

ton | OO 
SYMBOL___| MIN MAX | MIN MAX | 

Pte) Page-mode cyclotime——=—S~=~“~*~*~*~sSCS*‘“‘*é‘SCSSC*d AS Sd; tC 
tetera) Page-mode cycle time (eadmodify-write evel) | teem [290 _+| 205 + ns _| 
PO 
| tciw) ss Writecycletime tw 260830 | 
te(rdW) Read-write/read-modify-write cycle time se DL | 
twiCHIP Pulse duration, CAS high (page mode) ra) A a a 
twi(CH) Pulse duration, CAS high (non-page mode) | tcpn = | 60———<“‘«‘*L:*i‘i‘é Ys 
[wicu) Pulse duration, CASIow® «Yt | 75 10,000 | 100 10,000 | ns_| 
tw(R) Pulse duration, RAS high —————*+(|__tmp [100i] 120s] ns 
[twiF) Pulse duration, RAS Tow® | tras | 180 10,000 | 200 10,000 | —ns_| 
‘we es 
imes (ri tT | 350 | ns | 
i | ns 
pons | 
| ns 
| ns | 
| ns | 


ct 
> 


= 
NO 
o 


re 
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timing requirements over recommended supply voltage range and operating free-air temperature range 


(concluded) 
ne ™S4464-15 | TMS4464-20 
ALT. UNIT 










| tRLCHR Delay time, RAS low toCAShighf | tcp, | 30S 
[tac Delay time, RAS low to CAS high | _tcsy | 150. 
tCHRL Delay time, CAS high to RAS low | tere ld] OY 
 taHcL___Delay time, RAS high to CAS low | tacp_ | 0 _| 
tCLWE Delay time, CAS low to W be! ; | tow [to | 
(read-modify-write cycle only) 


| 35 ns 
ickal ~ Delay time, CAS low to RAS low! | tcsh =| 30 | 8s 
Delay time, RAS low to CAS low 
tRLCL (maximum value specified only tRCD 25 75 
to guarantee access time) 
. Delay time, RAS low to W low : aie 
RLWL (read-modify-write cycle only)*# RWO 














Delay time, G high before 


t t 
GHD data applied at DQ é GDD 


tet Refresh time interval | tree 


ICAS-before-RAS refresh option only. 
#G must disable the output buffers prior to applying data to the device. 





. 
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read cycle timing 


ee 
| 


| j¢-—_—_—____—- twp) —_______—»] ! | 
{ 









a VIH 
RAS a vs 
—+ je 8 fo—— tcLRH———»} fo~twiRH)—o} 
t 
le trict oo 
t 
ety RLCH le ; 
7 1 IH 
CAS 
{| : | \ : 1 VIL 
—| [7 full wich —$—>} 
Lh =snens —a 14 
t 
ean ae geo fot — eu cai | 
1 el be VIH 
rons Dum XR SD 


VIL 


Dynamic RAMs - 


|v} th(RHrd) 

| | ee | 

ies | | 1: th(CHrd) 
1 
| 
| 
| 


w  YOgenTY RKTT 


. _ 
j++} - tdis(CH) 
by 1. Vou 
t VoL 


oa | bl tdis(G) 


Vv 
VIL 


o| 
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early write cycle timing 


~~ te(w) —______—»} 
| 
: fp twit} of | | 


1 
—| jo— te : tein j je twiRH) 


| le— tric. —o4 fo—tcnn —of 
jo————— cH te, 
=a L-_—twict) — 
CAS |! yo | 
ag a | —| lca l be twicH) ——— 
eo wate —+| 


re tees Hage pes : | 
ao-ar AX KA Row IY Ne conn HERR ONT NAN 


wove 
| ee 7 


fot! ts wR) ————o 
|" thiRLW) —————>} 
| l e— thicuw) 


| 
(Koo eae). | MKY CRT REO 
| 





Ww 
eo 
| t —el 
, ee 
SU AACN 9 MRTCLICIOM, 000 SERENA 
. —o| e— teu) 
© KKK KKK ONT GARE ROKK KKE KK KKK 
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write cycle timing 


ne te(w) <== 
l Metis Ts | 


ee 
RAS 
| . VIL 










Dynamic RAMs > 













—- fete je—— tcnH —__—» pe=tainail-* 
| ter —+ b— tCHRL—* 
taLcH ——_—____-»} || . 
— T oe ey Vin 
CA | \ y 
IL 
tsulRA) feof | —>| fas tsu(CA) l f[-——"wicn—a 
| -— thiaLca) ——el — tt 
thiRal too} | feet tricia) 
Vin 
roar OOS . 
| 1 je—tsurweHy—>} | 
| 1 eS tsu(WRH) ———>4 
_ ———__—_] 
ber thictw) —o Via 
ee V VV 
7 XXXKECRRKKG AXXXESTERXK 
e—twiwi—el 
1 pe thiWLD) -»4 
| 
VIH 
co OK SSTREKRR OOO” 
Ate 
‘cH —+-—l 
VIH 
VIL 
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read-write/read-modify-write cycle timing 


te(rdW) | 


a enenen ee eee 
ee ee Vin 
RAS 
a4 hago tcLR ! a 
1 eR ol trtiicel 
—_—.}¢—_— wc —_——_- 
7 tRLCL Tae He—tcxtr. —of 
| ; | VIH 
| 
I | I, PS vir 
thiacca) LL _»J 1 pwc» —o] 
| aaa tina) | fe—eb- thicica) ,! 


—ol fe tena) Jot tsu(CA) . | 

Val eV aval ay; 4 VV/V/V/V/ 
OOOO Kean CAREY) 
I tsu(rd) ( be-tsu(WCH) t 
| se | wae 
to | 
l f@—— tcLWL —| 


| | 
re twiW) 7 =O IH 
EE Nestea 
I 
b_—______—_— ot nel . th(WLD) > 


' 
| ta(c)—fo—my —aij- tsu(D) ! 


CAS 





VIH 


Vit 


SINVY 2lweudg 7 


=| 








ba 


a| 





4-130 TEXAS Y | 


INSTRUMENTS 


POST OFFICE BOX 1443 @ HOUSTON, TEXAS 77001 


10022 SVX3L ‘NOLSNOH @ E¢bl XO 391440 1S0d 


SINAWNULSN] 


ey SVXa] 


LEL-p 
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| | ViL 
1 


i?) 
n 


AO 


= 


ba 


! twine! 
—terrH—el | 
| [rtnc. +4 aut Rep moor i K— tom! 


t 


_ 3 : a le—twict—>| wict—e| | va 
. | | | {-_+ Vit 


| fe thmuca—| A [! oy | 


| l 
thiRA) ! Je} thicicay | Fesfincten | et thicicay 
. | 
teutnay flo “fs tutca | ene | —+l teu |! 


V 
‘ Neahea KET oO RO = OE * 
| ee 
| | | : “he : ! | ay | 
| 1; 4 
tee vacate | tnichray-al beef bo toute e+ thictra) 
= Vv 
ear cae) | a INy W)C m 
- | VIL 
-}——"ai—— | | l ) : 
ke—taicy—> | 


tacr—a = to 
| 
| lef taisicH) | + taisice) | je—et-taisicH) 


VALID VALID “VALID 
OUTPUT, OUTPUT, OUTPUT, 
je-eb-taia) =] le-taisic) 


aan | oa nn. ai Vin 
Vin 


NOTE 3: A write cycle or read-modify-write cycle can be intermixed with read cycles as long as the write and read-modify-write timing specifications 


are not violated. 
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NOTE 4: A read cycle or a read-modify write cycle can be intermixed with write cycles as long as read and read-modify-write timing specifications 
are not violated. , 
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@ 65,536 X 4 Organization 


@ Dual-Port Accessibility — Four I/O's for 
Sequential Access, Four I/O's for Random 
Access 


@ One Serial Data Register Built into Each 
Serial 1/O for Sequential-Access Applications 


Fast Serial Ports .. . 30-MHz Shift Rate 


Mid-Scan Load — Serial Data Streams 
Uninterrupted by Register Reload 


@ TRG as Output Enable Allows Direct 
Connection of DQ and Address Lines to 
Simplify System Design 


@ Random-Access Port ls Compatible with the 
TMS4464, 64K X 4 DRAM. 


@ 3-State Serial 1/O’s Allow Easy Multiplexing 
of Video Data Streams 


@ Maximum Access Time from RAS 
... 120 ns 


@ Minimum Cycle Time (Read or 
Write) ... 200 ns 


@ Long Refresh Period ...4ms 


@ Low Refresh Overhead Time... As Low As 
1.3% of Total Refresh Period 


@ All Inputs, Outputs, Clocks Fully TTL 
Compatible 


@ Three-State Unlatched Random-Access 
Outputs 


@ Common Random-Access I/O Capability 
with ‘‘Early Write’’ Feature 


@ High-Speed Page-Mode Operation for Faster 
Access 


@ CAS-Before-RAS Refresh and Hidden 
Refresh Modes 


description 


TMX4461 
262,144-BIT MULTIPORT VIDEO RAM 


N PACKAGE 
{TOP VIEW) 


PIN NOMENCLATURE 


A0-A7 Address Inputs 
CAS Column-Address Strobe 
DQ1-D04 Random-Access Data In/ 
Data Out/Write-Mask Bit 
RAS Row-Address Strobe 
sc Serial Data Clock 
$DQ1-SDQ4 Serial Data In/Data Out 
SG Serial Output Enable 
TRG Transfer Register/ 
Q Output Enable 
VpbD 5-V Supply 
Vss Ground 
WE Write-Mask Select/ 
Write Enable 





@ Low Power Dissipation 


— Operating . . . 250 mW (Typical, DRAM 
Port) 


@ 24-Pin, 400-Mil Dual-in-Line Package 


NOVEMBER 1985 


Dynamic RAMs A 


The 256K Multiport Video RAM is a high-speed dual-ported 65,536 x 4 bit dynamic random-access memory 
with on-chip data registers. The random-access port makes the memory look like it is organized as 65,536 
words of four bits each like the TMS4464. The sequential-access port is interfaced to four interna) 256-bit 
dynamic data registers which make the memory look like it is organized as 256 four-bit words of up to 


256 bits each which are accessed serially. 


The 256K Multiport Video RAM employs state-of-the art double-level polysilicon/polycide gate technology 
for very high performance combined with low cost and improved reliability. 
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PRODUCT 












262,144 X 4 Organization 
Single 5-V Supply (10% Tolera 


Performance Ranges: 


TMX44C256, TMX44C257, TMX44C259 


nce} 


Pinout to Proposed JEDEC Standard 


ACCESS ACCESS READ 
TIME TIME oR. 
ROW COLUMN WRITE 

ADDRESS ADDRESS CYCLE 


(MAX) (MAX) (MIN) 
TMX44C25_-10 100 ns 50 ns 200 ns 
TMX44C25_-12 120 ns 60 ns 230 ns 
TMX44C25_-15 150 ns 75 ns 260 ns 


@ Miultiple Operations Options: 


TMX44C256 — Page Mode/Enhanced 


Page Mode 
TMX44C257 — Static Column 
TMX44C259 — 256 X 4 Bit Ni 

(Serial Mode) 


® Long Refresh Period 


Mode 
bble Mode 


512-Cycle Refresh in 8 ms (Max) 


Three-State Unlatched Output 
Lower Power Dissipation 
New Scaled-CMOS Technology 


Inputs 
@ High-Reliability Plastic 20-Pin 
300-Mil-Wide DIP or Surface-M 
Packages 
description 


The Megabit DRAM devices ar 


1,048,576-bit dynamic random-access 


memories organized as 262,144 


bits each. They employ state-of-the-art TIC-MOS 
(Scaled CMOS) technology for high 
performance, reliability and lower power at a low 


cost. 


Low Standby Power with CMOS-Level 


PREVIEW 262,144-WORD BY 4-BIT DYNAMIC RANDOM-ACCESS MEMORIES 


NOVEMBER 1985 


N PACKAGE 
(TOP VIEW) 





DJ PACKAGEt 
(TOP VIEW) 


Dynamic RAMs | 





TThe packages shown here are for pinout reference 
ount only. The DJ package is actually 75% of the length 
of the N package. 


e high-speed, 


words of four 





Address Inputs 
Column-Address Strobe 
Data In/Data Out 

Data Output Enable 


’ + Row-Address Strobe 
Test Function 
Write Enable 
5-V Supply 
Ground 
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PRODUCT: 
PREVIEW 








1,048,576 X 1 Organization 
Single 5-V Supply (10% Tolerance) 
Pinout to Proposed JEDEC Standard 


Performance Ranges: 


ACCESS ACCESS READ 
TIME TIME OR 


ROW COLUMN WRITE 

ADDRESS ADDRESS CYCLE 

(MAX) (MAX) (MIN) 

TMX4C102_-10 100 ns 50 ns 200 ns 
TMX4C102_-12 120 ns 60 ns 230 ns 
TMX4C102_-15 150 ns 75 ns 260 ns 


@ Multiple Operations Options: 

TMX4C1024 — Page Mode/Enhanced Page 
Mode 

TMX4C 1025 — 4-Bit Nibble Mode 

TMX4C1026 — 8-Bit Nibble (Byte) 

TMX4C1027 — Static Column Mode 

TMX4C1029 — 1024-Bit Nibble Mode 
(Serial Mode) 


@ Long Refresh Period 
512-Cycle Refresh in 8 ms (Max) 


Three-State Unlatched Output 

Lower Power Dissipation 

New Scaled-CMOS Technology 

All Inputs and Clocks Are TTL Compatible 


Low Standby Power with CMOS-Level 
Inputs 


® High-Reliability Plastic 18-Pin 
300-Mil-Wide DIP or Surface-Mount 
Packages 


description 


The Megabit DRAM devices are high-speed, 

_1,048,576-bit dynamic random-access 
memories organized as 1,048,576 words of one 
bit each. They employ state-of-the-art TIC-MOS 
(Scaled CMOS) technology for high 
performance, reliability-and lower power at a low 
cost. 


N PACKAGE 
(TOP VIEW) 





DJ PACKAGET 
(TOP VIEW) 





\ 

TThe packages shown here are for pinout reference 
only. The DJ package is actually 75% of the length 
of the N package. 


PIN NOMENCLATURE 


AO-AQ Address Inputs 
CAS Column-Address Strobe 












D Data In 

NC No Connection 

Qa Data Out 

RAS. Row-Address Strobe 
TF Test Function 

Ww Write Enable 

Vcc 5-V Supply 

Vss Ground 


NOVEMBER 1985 


TMX4€1024, TMX4C1025, TMX4C1026, TMX4C1027, TMX4C1029 
1,048,576-BIT DYNAMIC RANDOM-ACCESS MEMORIES 








Dynamic RAMs . 
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Dynamic RAM Modules [i—iE 


EPROMs/PROMs 


Military Products” PISS I 


Applications Information — a) Wf 


“Logic Symbols 


Mechanical Data [mu 


ESD Guidelines. | 
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A 


ATTENTION 


. These devices contain circuits to protect the inputs and outputs against damage 


due to high static voltages or electrostatic fields; however, it is advised that 
precautions be taken to avoid application of any voltage higher than maximum- 
rated voltages to these high-impedance circuits. 


Unused inputs must always be connected to an appropriate logic voltage level, 
preferably either supply voltage or ground. 


Additional information concerning the handling of ESD sensitive devices is 
provided in Section 12 in a document entitled ‘‘Guidelines for Handling 
Electrostatic-Discharge-Sensitive (ESDS) Devices and Assemblies.’ 


TM4161EP5 
65,536 BY 5-BIT MULTIPORT VIDEO RAM MODULE 








JULY 1984 — REVISED NOVEMBER 1985 





65,536 X 5 Organization P SINGLE-IN-LINE PACKAGE 





° 
TOP VIEW) 
© Single 5-V Supply (10% Tolerance) 
© 35-Pin Single-in-Line Package (SIP) WSS) Aloe 
SOE (2) 
Q@ Utilizes Five Multiport Video RAMs in Plastic SIN1 (3) 
Chip Carriers SOUT1 Qa= ) 
© Serial In/Serial Out Capability DQ1 (5) 
CAS1 (6) 
© Dual Accessibility — One Port Sequential AO (7) 
Access, One Port Random Access Al (8) 
0 Five Serial Shift Registers for Sequential _ A2 9) 
Access Applications, Each Comprised of TR/QE (10) ==] 
Four Cascaded 64-Bit Segments SIN2 (DE ] 
SOUT2 (12) = 
© Designed for both Video and Non-Video DQ2 (13) 
Applications CAS2 (14)—=7] 
© Fast Serial Port ... Can Be Configured for A3 (15) 
Video Data Rates in Excess of 150 MHz A4 (16) 
pe SIN3 (17) 
© TR/QE as Output Enable Allows Direct SOUT3 (18) 
Connection of DQ and Address Lines to DQ3 (19) 7) 
Simplify System Design CAS3 (20) = < 
© Separate Serial In and Serial Out to Allow AS (21) = 
Simultaneous Shift In and Out AG (22) S 
A7 (23) : 
OQ Supported by TI’s TMS34061 Video System RAS (24) =<] s 
Controller (VSC) W (25) ] { 
© SOE Simplifies Multiplexing of Serial Data > SIN4 (26) =<] cc 
Streams SOUT4 (27) == 7 oO 
DQ4 (23) 7] £ 
Long Refresh Period . . . 4 ms (256 Cycles) CAS4 (29) oe] 
c 
All Inputs, Outputs, Clocks Fully TTL SINS (30) =<] > 
Compatible SOUT5 (31) =—_“"J Q 
DQ5 (32) 
© 3-State Outputs , CASS (33) cum 
Performance Ranges: SCLK (34) =<] 
Vpp (35) 
ACCESS ACCESS READ 
TIME TIME OR 
ROW COLUMN WRITE 
ADDRESS ADDRESS CYCLE 
(MAX) (MAX) (MIN) AO-A7 Address Inputs 
TM4161EP5-15 150 ns 100 ns 240 ns CAS1-CAS5 Column-Address Strobes 
TMSIGTERS 20 Zoe's ISBNs SARS DQ1-DQ5 Random-Access Data In/Data Out 
© Separate CAS Control with Common Data- RAS Row-Address Strobe 
In and Data-Out Lines SCLK Serial Data Clock 


SIN1-SIN5 Serial Data In 
SOE Serial Output Enable 
SOUT1-SOUT5 Serial Data Out 


© Low Power Dissipation: 
—Operating .. . 1250 mW (Typ) 
—Standby. . . 400 mW (Typ) 








; TR/QE Register Transfer/Q Output Enable 
© Operating Free-Air Temperature .. . 0°C to Vpp 5-V Supply 
70°C . Vss Ground 
: Ww Write Enable 
PRODUCTION DATA documents contain information . . Copyright © 1985, Texas Instruments Incorporated 
current as of publication date. Products conform to 
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65,536 BY 5-BIT MULTIPORT VIDEO RAM MODULE 





description 


The TM4161EP5 is a 320K dual-access dynamic random-access memory module organized as 65,536 
x 5-bits in a 35-pin single-in-line package comprising five TMS4161FML, 65,536 x 1-bit Multiport Video 
RAMs in 22-lead plastic chip carriers mounted on top of a substrate together with five decoupling capacitors. 
The random-access port makes the module look like it is organized as 65,536 words of five bits each. 
The sequential-access port is interfaced to five internal 256-bit dynamic shift registers each organized as 
four cascaded 64-bit shift register segments which are accessed serially. One, two, three, or four 64-bit 
shift register segments can be sequentially read out after a transfer cycle depending on a two-bit code 
applied to the two most significant column address inputs. 


The TM4161EP5 features full asynchronous dual access capability except when transferring data between 
the shift registers and the memory array. 


Refresh period is extended to 4 milliseconds, and during this period each of the 256 rows must be strobed 
with RAS in order to retain data. CAS can remain high during the refresh sequence to conserve power. 
Note that the transfer of a row of data from the memory array to the shift registers also refreshes that row. 


All inputs and outputs, including clocks, are compatible with Series 74 TTL. All address lines and data 
in are latched on chip to simplify system design. Data out is unlatched to allow greater system flexibility. 


The TM4161EP5 is guaranteed for operation from O°C to 70°C. 
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functional block diagram 





TM4161EP5 
65,536 BY 5-BIT MULTIPORT VIDEO RAM MODULE 


(7) 





ae (8) 
me (9) 
A3 {t5) 
A4 (16) 
(21) 
a 22) 
AT (23) 
ARS (24) 
Ww {25) 
(34) 

LK 
ook 9 
TR (2) 
SIN1 {3) 
pal {5) 
fas2 (14) 
SIN2 (1) 
pa2 (13) 

— 20 

CAS3 ” 
SIN3 {17) 
po3 (19) 
CAS4 (29) 
SINS (28) 
pos {28) 
= (33) 

CAS5 
SINS (30) 
pas (32) 

(35) 
Vpo 
C1 eee cs 
(1) 
Vss 
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65,536 BY 5-BIT MULTIPORT VIDEO RAM MODULE 





TMS4161 functional block diagram 


io] 


a 


SIN 


SCLK 


TIMING AND CONTROL 












DUMMY CELLS 


(1/2) MEMORY ARRAY 


(1/2) 4 OF 256 COLUMN DECODE 


256 SENSE - REFRESH | 10F4 
AMPLIFIERS oJ SELECTOR 


(1/2) 4 OF 256 COLUMN DECODE 











{1/2} MEMORY ARRAY 


DUMMY CELLS 


; TRANSFER CONTROL 
= REGISTER | REGISTER | REGISTER | REGISTER i 
00 01 10 1 
aes COLUMN 19, 
xno SAU 10F 4 
SELECTOR > Sout 









random-access address space to sequential address space mapping 


The TM4161EP5 is designed with each row divided into four, 64-column sections which map directly onto 
the four segments of each shift register (see TMS4161 functional block diagram). The first column section 
to be shifted out is selected by the two most-significant column-address bits. If the two bits represent 
binary OO, then one to four register segments can be shifted out in order. If the two bits represent binary 
01, then only 1 to 3 (the most significant) register segments can be shifted out in order. If the two bits 
represent 10, then one to two of the most-significant register segments can be shifted out in order. Finally, 
if the two bits represent 11 only the most-significant register segment can be shifted out. All register 
segments are shifted out with the least-significant bit (bit O) first and the most-significant bit (bit 63) last. 
Note that if the two column-address bits equal OO during the last register transfer cycle (TR/QE at logic 
level ‘‘0’’ as RAS falls) a total of 256 bits can be sequentially read out of each serial output pin. 
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random-access operation 


TR/QE 
The TR/QE pin has two functions. First, it selects either register transfer or random-access operation as 
RAS falls, and second, during a random-access operation, it functions as ‘an output enable after CAS falls. 





To use the TM4161EP5 in the random-access mode, TR/QE must be high as RAS falls. Holding TR/QE high 
as RAS falls keeps the 256 elements of the shift registers disconnected from the corresponding 256 bit 
lines of the memory array. If data is to be shifted, the shift registers must be disconnected from the bit 
lines. Holding TR/QE low as RAS falls enables the 256 switches that connect the shift registers to the 
bit lines and indicates that a transfer will occur between the shift registers and one of the memory rows. 


During random-access operation, once CAS has been pulled low, TR/QE controls when the data will appear 
at the Q output (if this is a read cycle). Whenever TR/QE is held high during random-access operation, 
the Q output will be in the high-impedance state. This feature removes the possibility of an overlap between 
data on the address lines and data appearing on the Q output making it possible to connect the address 
lines to the Q and D lines (Use of this organization prohibits the use of the early write cycle.). 


address (AO through A7) 


Sixteen address bits are required to decode 1 of 65,536 storage cell locations. Eight row-address bits are 
set up on pins AO through A7 and latched onto the chip by the row-address strobe (RAS). Then the eight 
column-address bits are set up on pins AO through A7 and latched onto the chip by the column-address 
strobe (CAS). All addresses must be stable on or before the falling edges of RAS and CAS. RAS is similar 
to a chip enable in that it activates the sense amplifiers as well as the row decoder. CAS is used as a 
chip select activating the column decoder and the input and outputs buffers. 





write enable (W) 


The read or write mode is selected through the write-enable (W) input. A logic high on the W input selects 
the read mode and a logic low selects the write mode. The write-enable terminal can be driven from standard 
TTL circuits without a pull-up resistor. The data inputs are disabled when the read mode is selected. The 
common I/O feature of the TM4161EP5 dictates the use of early write cycles to prevent contention on 
‘DQ. When W goes low prior to CAS, the data outputs will remain in the high-impedance state for the entire 
cycle permitting common I/O operation. 


data in (DQ1-DQ5) 


Data is written during a write or read-modify-write cycle. The falling edge of CAS or W strobes data into 
the on-chip data latch. This latch can be driven from standard TTL circuits without a pull-up resistor. In 
an early write cycle, W is brought low prior to CAS and the data is strobed in by CAS with setup and 
hold times referenced to this signal. 


data out (DQ1-DQ5) 


The three-state output buffer provides direct TTL compatibility (no pull-up resistor required) with a fan 
out of two Series 74 TTL loads. Data out is the same polarity as data in. The output is in the high-impedance 
(floating) state as long as CAS or TR/QE is held high. Data will not appear on the output until after both 
CAS and TR/QE have been brought low. In a read cycle, the guaranteed maximum output enable access 
time is valid only if tcQE is greater than tcQE MAX, and tRLc_ is greater than tRLCL MAX. Likewise, 
ta(C) MAX is valid only if tRLCL is greater than tRLCL MAX. Once the output is valid, it will remain valid 
while CAS and TR/QE are both low; CAS or TR/QE going high will return the output to a high-impedance 
state. In an early write cycle, the output is always in.a high-impedance state. In a register transfer cycle, 
the output will always be in a high-impedance state. 
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refresh 


A refresh operation must be performed at least every four milliseconds to retain data. Since the output 
buffer is in high- impedance state unless CAS is applied, the RAS-only refresh sequence avoids any output 
during refresh. Strobing each of the 256 row addresses (AO through A7) with RAS causes all bits in each 
row to be refreshed. CAS can remain high (inactive) for this refresh sequence to conserve power. 


page mode 


Page-mode operation allows effectively faster memory access by keeping the same row address and strobing 
successive column addresses onto the module. Thus, the time required to setup and strobe sequential 
row addresses for the same page is eliminated. To extend beyond the 256 column locations on M1-M5, 
the row address and RAS are applied to multiple modules. CAS is then decoded to select the proper module. 


power up 


After power up, the power supply must remain at its steady-state value for 1 ms. In addition, RAS must 
remain high for 100 ys immediately prior to initialization. Initialization consists of performing eight RAS 
cycles before proper device operation is achieved. 


sequential-access operation 
TR/QE 
Memory transfer operations involving parallel use of the shift registers are first indicated by bringing TR/QE 
low before RAS falls low. This enables the switches connecting the 256 elements of the shift registers 


to the 256 bit lines of the memory array. The W line determines whether the data will be transferred from 
or to the shift registers. 


write enable (W) 


In the sequential-access mode, W determines whether a transfer will occur from the shift registers to the 
memory array, or from the memory array to the shift registers. To transfer from the shift registers to the 
memory array, W is held low as RAS falls, and, to transfer from the memory array to the shift registers, 
W is held high as RAS falls. Thus, reads and writes are always with respect to the memory array. The 
write setup and hold times are referenced to the falling edge of RAS for this mode of operation. 


row address (AO through A7) 


Eight address bits are required to select one of the 256 possible rows involved in the transfer of data to 
or from the shift registers. AO-A7, W, and TR/QE are latched on the falling edge of RAS. 


register column address {A7, A6) 


To select one of the four shift register segments within each shift register (transfer from memory to register 
only), the appropriate 2-bit column address (A7, A6) must be valid when CAS falls. However, the CAS 
and segment address signals need not be supplied every transfer cycle, only when it is desired to change 
or select a new segment. 


SCLK 


Data is shifted in and out on the rising edge of SCLK. This makes it possible to view each shift register 
as though it were made of 256 rising edge D flip-flops connected D to QO. The TM4161EP5 is designed 
to work with a wide range duty cycle clock to simplify system design. Note that data will ill appear at the 


SOUT pins not only on.the rising edge of SCLK but also after an access time of ta(RSO) from RAS high during 
a parallel load of the shift registers. 


SIN and SOUT 


Data is shifted in through the SIN pins and is shifted out through the SOUT pins. The TM4161EP5 is designed 
such that it requires 3 ns hold time on SIN as SCLK rises. SOUT is guaranteed not to change for at least 
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8 ns after SCLK rises. When loading data into the shift registers from the serial inputs in preparation for 
a shift register to memory transfer operation, the serial clock must be clocked an even number of times. 
To guarantee proper serial clock sequence after power up, a transfer cycle must be initiated before a serial 
data stream is applied at SIN. 


‘SOE 


The serial output enable pin controls the impedance of the serial outputs, allowing multiplexing of more 
than one bank of TM4161EP5 memories into the same external video circuitry. When SOE is ata logic low 
level, the SOUTs will be enabled and the proper data read out. When SOE is at a logic high level, the SOUTs 
will be disabled and be in the high-impedance state. 


refresh 


The shift registers are also dynamic storage elements. The data held in the registers will be lost unless 
SCLK goes high to shift the data one bit position, a transfer write operation is invoked, or the data is reloaded 
from the memory array. See specifications for maximum register data retention times. Important: If the 
shift registers have remained idle for a time period which exceeds the maximum SCLK high or SCLK low 
time, the dynamic clock circuits will lose charge. Under these conditions, the shift register clocks must 
be re-enabled by performing any transfer cycle before data can be shifted into or out of the shift registers. 


single-in-line package and components 


PC substrate: 0,79 mm (0.031 inch) minimum thickness 
Bypass capacitors: Multilayer ceramic 
Leads: Tin/lead solder coated over phosphor-bronze 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) tT 


Voltage range on any pin except Vpp and data out (see Note 1)............... -1.5Vto 10 V 
Voltage range on Vpp supply and data out with respect to VSS.........-.-20 ea ee -1Vto6V 
Short circuit output Current... 0... ee eee ee eee eee eee 50mA 
Power: dissipation ic. .2.8 3 O64 ta lek oad ta Lees hae oe ee awe dt a Bie astshiatias eg RE: hd 5 W 
Operating free-air temperature range... 1.2... ee eee ee eee 0°C to 70°C 
Storage temperature range... . 0... ee eee eee -.. —65°C to 150°C 


TStresses beyond those listed under ‘Absolute Maximum Ratings’’ may cause permanent damage to the device. This is a stress rating 
only and functional operation of the device at these or any other conditions beyond those indicated in the ‘‘Recommended Operating 
Conditions” section of this specification is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect 
device reliability. 

NOTE 1: All voltage values in this data sheet are with respect to Vss. 


recommended operating conditions , 
Vop Supply vottage P45 56S | 
Vss___ Supply voltage a aes 
VIH High-level input voltage 
VIL 5 
Ta 











Low-level input voltage (see Notes 2 and 3) ~0.6 0.8 
Operating fee-ar temperature 


NOTES: 2. The algebraic convention, where the more negative (less positive) limit is designated as minimum, is used in this data sheet 
for logic voltage levels only. 
3. Due to input protection circuitry, the applied voltage may begin to clamp at —0.6 V; test conditions must comprehend this 
occurrence. ' : 
4. See application report entitled ‘‘TMS4164A and TMS4416 Input Protection Diode’’ on page 9-5. 
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electrical characteristics over full range of recommended operating conditions (unless otherwise noted) 


7 MIN TYP_MAX 
(DQ1-DQ5, SOUT1-SOUTS5) 
Low-level output voltage 

Vi = OV to 5.8 V, 
Vop = 5V. 
All other pins = OV 
Output current (leakage) Vo = 0.4V to 5.5 V, 
(DQ1-DQ5, SOUT1-SOUT5) | Vpp = 5V 
: te(rd) = minimum cycle time, 
TR/GE low after RAS falls, * 
SCLK and SIN low, SOE high, 
No load on DQ1-DQ5 
and SOUT1-SOUT5 
After 1 RAS cycle, 
RAS and CAS high, av! 
SCLK and SIN low, SOE high, 
No load on DQ1-DQ5 
and SOUT1-SOUT5 
te(rd) = Minimum cycle time, 
CAS high, RAS cycling, 
SCLK and SIN low, 
SOE high, TR/QE high, 
No load on DQ1-DQ5 
and SOUT1-SOUT5 
te(P) = minimum cycle time, 
RAS low, CAS cycling, 
TR/QE low after RAS falls, 
SCLK and SIN low, SOE high, 
No load on DQ1-DQ5 
and SOUT1-SOUT5 


RAS and CAS high, 


te(SCLK) = tce({SCLK) min, 
No load on DQ1-DQ5 

and SOUT 1-SOUT5 
te(rd) = minimum cycle time, 








UNIT 














+10 


p24 | 
pt 
po 
| #10] 
= : . 


Input current (leakage) 





> 


lo 
























Average operating current 


I 
DD1 during read or write cycle 







-H 

° 
3 
> 













Ipp28 Standby current 


















3 
> 


Average refresh current 





















Average page-mode current 
























Average shift register 


l 
0D5 current (includes Ipp2) 







3 
> 







Worst case average 
lpp6 DRAM and shift 
register current 


te(SCLK) = minimum cycle time, 
TR/GE low after RAS falls, 

No load on DQ1-DQ5 

and SOUT1-SOUT5 


80 
210 
225 
425 






= . . : 





+10 
.£10 
100 
275 
275 
475 


tall typical values are at Ta = 25°C and nominal supply voltages. 
tSee appropriate timing diagram. 
Sv, > -0.6V 
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capacitance over recommended supply voltage and operating free-air temperature range, f = 1 MHz 


PARAMETER UNIT 


Cita) Input capacitance, address inputs 
Ci(pDQ) Input capacitance, data inputs 


Circ) Input capacitance, strobe inputs 


| 38 | 
| 28 | 
Least 
Citw) Input capacitance, write enable input f= 60 
| 50 | 
|__25 | 
|__35 | 
| __ 36 | 


CiicK) Input capacitance, serial clock 

Cisi) Input capacitance, serial in 25 
Ci(SOE) Input capacitance, serial output enable 3 
Cit) Input capacitance, register transfer input 35 
Co(SOUT) Output capacitance, serial out 35 





TAIl typical values are at TA = 25°C and nominal supply voltages. 


switching characteristics over recommended supply voltage range and operating free-air temperature 
range (see Figure 1) 











+ | ALT. |. TM4161EP5-15 | TM4161EP5-20 
PARAMETER TEST CONDITIONST |.) tan 
ta(c) __ Access time from CAS 


P Access time of Q from CL. 6 
QE face eee = 100 pF 
ah) TR/OE low P 
t MAX, 
ta(R) Access time from RAS ee 100 pF 
SOUT access time from 
ta(RSO) RAS high CL = 30 pF in | 
Access time from SOE 
t = 30 pF 
ta(SO) Access time from SCLK = 30 pF fF 
Q output disable time 
i + = 100 pF t 
Q output disable time 
i + ese = 100 pF 


Dynamic RAM Modules - 


a 


a: t Serial output disable time 
dis(SOE)" trom SOE high 


TFigure 1 shows the load circuit. 
+The maximum values for tdis(CH) tdis(QE), and tdis(SOE£) define the time at which the output achieves the open circuit condition and 
are not referenced to VgH or VoL. 











200 
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timing requirements over recommended supply voltage range and operating free-air temperature range 


ALT. . TM4161EP5-15 | TM4161EP5-20 
sympou [MIN MAX 


[3s 
[35s 
| tecrw) Transfer write cycletime® | 
| tetra) __Transferreadcycletime | 316 SS~*«d 
| toscuk) _Serial-clock cycle time | tse 45 80,000 | 50_ 50,000 | 
| twich) Pulse duration, CAS high (precharge time)§_ | tcp_ = | 50 | 8 
| twin) Pulse duration, RAS high (precharge time) | tap_— | 80 | 105 
| tras 


twiRL) Pulse duration, RAS low tRAS 


twiQe) TR/GE pulse duration low time (read cycle) aaa) 








UNIT 















; Transition times (rise and fall) 
i RAS, TAS, and SCLK 
tsu(CA) Column-address setup time tasc 


tsu(RA) Row-address setup time tASR 


; __ Wssetup time before RAS low 
su(RW) with TR/QE low 
Taub) Date setup Tine ae eel 


ee 
ee ee ee 
a a) 
feud) __Read-command setup time mes | 8 Od 
: Early write-command setup time i 
su(WCL) before CAS low WCS 
fe i el 
Pp 20CC| lt 
is Cee 


tsu(WRH) __Write-command setup time before RAS high 
tsu(TR TR/QE setup time before RAS low 


tsu(St Serial-data setup time before SCLK high 
this) Serial-data-in hold time after SCLK high 


th(RLCA Column-address hold time after RAS low 
th(CLD) Data hold time after CAS low 
th(RLD Data hold time after RAS low tbHR 


P 
th(WLD) _Data hold time after W low 


(Continued next page.) : 

NOTE 5: Timing measurements are made at the 10% and 90% points of input and clock transitions. In addition, Vj max and Vj min 
must be met at the 10% and 90% points. 

TAll cycle times assume te = 5 ns except tc(ScLK) which assumes ty = 3 ns. 

tMultiple transfer write cycles require separation by either a 500-ns RAS-precharge interval or any other active RAS-cycle. 

5Page-mode only. 


th(CLCA) _ Column-address hold time after CAS low 
thiRA) Row-address hold time | tRAH | 
thinw) _Whold time after RAS low with TRE low =[| 
A ae a ee 
Read-command hold time after CAS high 


th(CHrd 
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timing requirements over recommended supply voltage range and operating free-air temperature range 


(concluded) j 
™4161EP5-20 
65 
















™M4161EP5-15 
SYMBOL 


ALT. 
| thirtiray) _Read-command hold time after RAS high | tRRH | 

talagol sole eae time after ae 

RAS low with TR/QE low 

teSO)_ Serial date-out hold time after SOUR high [| 
| thre) __TA/GE hold time after RAS low (transfer) | 
: 
| tcrocH Delay time, CAS low to GEhigh | 


tCLRH Delay time, CAS low to RAS high tRSH 


Delay time, CAS low to QE low 
tcaE (maximum value specified only 
to guarantee taiQe) access time) © 
tRHSC__Delay time, RAS high to SCLK high bette uns Dae ll 
Delay time, RAS low to CAS low (maximum 
tRLCL ee ‘ tRCD 
value specified only to guarantee access time) 
Delay time, SCLK high before 
10 50,000 10 50,000 
*CKRL =——_RAS low with TR/GE low! | 10. 50,000 | 


trf(MA Refresh time interval, memory array | tery aan 
trf(SR Refresh time interval, shift register# | trero | 50,000 


NOTE 5: Timing measurements are made at the 10% and 90% points of input and clack transitions. In addition, Vi_ max and Vjy min 
must be met at the 10% and 90% points. 
{SCLK may be high or low during ty(RL), but there can not be any positive edge transitions on SCLK for a minimum of 10 ns prior to 
RAS going low with TR/QE tow (i.e., before a transfer cycle). 
#See ‘refresh’ on page 5-9. i 







80 50,000 80 50,000 


MIN M 
30 






50,000 
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PARAMETER MEASUREMENT INFORMATION 


1.31V 
Ry = 2179 
OUTPUT 
UNDER TEST 


FIGURE 1. LOAD CIRCUIT 
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read cycle timing 


Tg a 


VIL 
2 jot }e——— tcLRH ———-»} nae 
— *RLCL——>}o— twi(CL) ——> tCHRL 
| + tr. cH > 


a | oa 
TAS1- l | | l : 


tsu(RA) VIL 
| i | twiCH) ————» 


{> th”LCa) | 


ten | ieee eae 
| tsu(CA) : 
ee te | 


- HK = KIND : 


}-———++- tricicar | | | 


tr tsu(TR) ) a | | l 


_ thir) lL | 
TRIQE je twioe-f VIH 
| VIL 
—> 


| | }¢— thiRHrd) 
| tsu(rd) =| 
t 


: ai i Seas 

YEA AAITG NYY \ 
KSCEO C|  ROOETEOR 

I 

| | | 

ta(Qe) 
| Pic sae fe taisicx) ——o| 
| 


le — tcisiaes—> 
pat- VOH 
ee : 


[+ tar) —___—_+ 


VIH 










=| 
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early write cycle timing 


aR Te OR : 
ee ee Vin 


| | { Vit 
ma jot fe————tcLRH ————-» fo—wiRH) ——e 
fo IALCL —rte———wic) fo tCHAL 
| eet (RC eel || [ 


i | pa ra 
I 


v 
CKS1- ’ | van n 
CASS- —| Jo—tsuiRA) | ] l VIL 


RAS 


1 

[ rt }-——— twict) >} 

| e—— th(RLCA) > | | 
| 


at 1 | l 
| | —| abe: | ; | 
J 


l 
o> DEO — AO 
; | I | | #—>r-— l | 


th(CLCA) 


—>| fo tsu(TR) L——__tsutwess ——o4 ! 

th(TR) mea E a cine — 7 

TRE OQ poner care XK KXXK/ Vin 
tsu(WCL)—o4 Looe 


7 : 7 | | fe thc) —o) 7 
Xvancrcané XX) il L\/\ 












ViH 
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I 
| 

Vin 
l | | 
| Vi 
| | | en 
i ke— thiRtrd) 

Je thicltray he thictird) 
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' = ViH 
=. | | | Sal VY | Vit 


| ; _— je- ta(Qe) lo a 
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tdis(QE) 
| | tdisiCH) 
VOH 
pa1- 
VoL 


NOTES: 6. Timing is for non-multiplexed DQ and address lines. 
7. Awrite cycle or a read-modify-write cycle can be intermixed with read cycles as long as the write and read-modify-write timing specifications are not violated. 
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NOTES: 6. Timing is for non-multiplexed DQ and address lines. 
8. A read cycle or a read-modify-write cycle can be intermixed with write cycles as long as the read and read-modify-write timing specifications are not violated. 
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RAS-only refresh timing 


te(RD) >} 
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. | | , 
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shift register to memory timing 


———a- ee " 
__ H 
RAS tALcL——— : 
Vit 
'RLcH of : . 
l 
}>—— twict) —o “In 


l VIL 


a 
| h(CLCA) 


| 

| 

| 

| 
ts (RA)—o—» thiRA) 
: | ee 
| | =a 


wer TOK HORN KX STOKKE 
| 


tsuiTR)—e—e| th(TR) 
eect | Vv 
n= XA!  AXKXXXXXEIEXXXEMY * 
| 


tsu(RW) 


go 
>| > 
wl wo 
a 


IT 


; th(RW) 


XN EXXXXK KE EXXXXXXY 
| 
L\ XXX {\ x 


Dynamic RAM Modules a 


=| 


lie XX 
| | 
| V 
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| | 
[+ taisor-y he tniRSO) —>4 tainso)—fe— taiso1—fe-o 


OLD SHIFT OLD SHIFT REGISTER SAME AS VOH 
SOUT1- OLD SHIFT 
SOUTS REG DATA DATA NOT VALID REG DATA Vai 


Mi 


VIH 
SCLK 


NOTES: 9. The shift register to memory cycle is used to transfer data from the shift registers to the memory array. Every one of the 
256 locations in each shift register is written into the 256 columns of the selected row. Note that the data that was in the 
shift registers may have resulted, either from a serial shift in or from a parallel! load of the shift registers from one of the 
memory array rows. 

10. SOE assumed low. 
11. SCLK may be high or low during tyw(RL)- 
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memory to shift register timing 
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NOTES: 10. SOE assumed low. 
11. SCLK may be high or low during tyw(RL)- 
12. The memory to shift register cycle is used to load the shift registers in parallel from the memory.array. Every one of the 
256 locations in each shift register are written into from the 256 columns of the selected row. Note that the data that is 
loaded into the shift registers may be either shifted out or written back into another row. 
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serial data shift timing 
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NOTES: 13. 
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When loading data into the shift registers from the serial input in preparation for a shift register to memory transfer operation, 


the serial clock must be clocked an even number of times. 


While shifting data through the serial shift registers, the state of TR/QE is a don’t care as long as TR/GE is held high when RAS 
goes low and tsy(TR) and th(TR) timings are observed. This requirement avoids the initiation of a register-to-memory or memory- 
to-register data transfer operation. The serial data transfer cycle is used to shift data in and/or out of the shift registers. 


~-— cel ae 


| 
je—tsuisn —>| | jo—tsuisn—o4 | 
| 







BITN+1 


TM4161EP5 
65,536 BY 5-BIT MULTIPORT VIDEO RAM MODULE 


—}| thish 
1, 


DON'T CAREX 


i jo—el— taiso) 
be—e}—- thiso) 





taie(S0E1-fe—ol 





Vin 


Vit 


VIH 


Vit 


ViH 


Vin 


Vin 


VIL 





Dynamic RAM Modules 





st 
TEXAS 
INSTRUMENTS 


POST OFFICE BOX 1443 @ HOUSTON, TEXAS 77001 


5-21 


cc-G 


SINANNYLSN] 


cy SVXAL 


LOOLZ SVX31 ‘'NOLSNOH @ Ebbl XOG 3DId40 LSOd 


SOINPOW INVH Oiweudg 


SSS te(tw) ———&  —-»fe-—_________— ——— 
| a | a | 7 | 
a | 1 | 

| | | 2nd | | 256 ! va 
) renee | ne 4 es ee t | _] Va 


1st | 
Oe ceri fe—t alae J —el t 'CLRH t 
a= —e} few | wiRH) ~~ RLCL—ete— —| fo—twikH) 
tRLCL— t einen 7 tone 
“ —F —s abla le} ‘cra ——ol 


j k- 
| | 
CAS1- i aa 5 | 
cass! t | | II | | | | 
Deg | ep tsuinay | ala | | Vit 


4 thiRLCA) bof pela e nat 
ml eral erp suc ; q roo tiRay | alt - —# Le —tsuicay [| 


oa XOX OX XESS IK CONGEEA CY ee ei : 


art =e | fe svctea | a tsu(TR) =i be-wicrcay | 
7 


fo—thitR) gees 


RAS 


th(TR) 


mae XR LAKES EXXKEN | KKK EEO) \ i Wsconars KEKE " 
tsu(RW} : tsu(RW) | oer Bt 

pail a Jo thinw) thiRW) ‘ 

ca OLON av KX XA RXXXETEERY LAXX EI : 


ECON NANCE ESRENONONEONSSONGONOONESE ea EE 
= jel beep nso aren | a ts tansor-f>—$—+ aa ya +} ns0r 
T'? : 
Sours ae Sek 
t 


ICKRL | taiso\te—o 
trsc —+—e} | 
SCLK 

: Vit 

TCAS and register address need not be supplied every cycle, only when it is desired to change or select a new register length. 

NOTES: 10. SOE assumed low. 

15. The shift register to memory multiple cycle is used to write the shift register data to more than one row of the memory array. An application of this could 
be clearing all memory. To do this, the SIN lines would be held at 0 to fill all locations in the shift registers with O’s. The shift registers would then be 
written into all 256 rows of the memory array in 256 cycles. The random output ports (0Q1-DQ5) will be in a high-impedance state as long as register 


transfer cycles are selected. 
16. SCLK is a don’t care except that no positive transitions on SCLK can occur for a period equal to tcxRL prior to RAS falling with TR/QE low. 
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TtCAS and register address need not be supplied every cycle, only when it is desired to change from one register address to another. 
NOTES: 10. SOE assumed low. 
16. SCLK is a don’t care except that no positive transitions on SCLK can occur for a period equal to tcKRL Prior to RAS falling with TR/E low. 


17. The memory to shift register to memory multiple cycle is used to reorder the rows within the memory array itself. First, the data in a row is stored in 
the shift register and then it is written into other selected rows. The random output port Q will be in a high-impedance state as long as register transfer 


cycles are selected. 
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TI! single-in-line package nomenclature 


™ ' 4161 E P 5 =15 L 






















Tl 
MODULE 





MEMORY 
DEVICE 


PINOUT 
ONFIGURATIO 


BOARD 
DIMENSIONS 


WORD WIDTH 
OUTPUT 


TEMPERATURE 
RANGE 








{88,9 x 11,4 mm) Max Access LO°C to 70°C 
(3.5 x 0.45 inches) —15 150 ns 
-—20 200 ns 
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e@ 65,536 xX 4 Organization V SINGLE-IN-LINE PACKAGE 
: ~ (TOP VIEW) 
@ Single 5-V Supply (10% Tolerance) 
V. 
© 31-Pin Single-in-Line Package (S!P) : a8 
® Utilizes Four Multiport Video RAMs in SIN1 
Plastic Chip Carriers SOUT1 
DQi 
@ Serial In/Serial Out Capability CAS1 
@ Dual Accessibility — One Port Sequential AO 
Access, One Port Random Access Al 
A2 
@ Four Serial Shift Registers for Sequential TR/OE 
Access Applications, Each Comprised of SIN2 
Four Cascaded 64-Bit Segments SOUT2 
@ Designed for both Video and Non-Video _0Q2 
Applications CAS2 
; A3 
© Fast Serial Port ... Can Be Configured for A4 
Video Data Rates in Excess of 150 MHz ‘SIN3 
© TR/QE as Output Enable Allows Direct SOUTS 
Connection of DQ and Address Lines to _2a3 
Simplify System Design ces 
© Separate Serial In and Serial Out to Allow AG 
Simultaneous Shift In and Out A7 
® Supported by TI's TMS34061 Video System RAS 
Controller (VSC) Ww 
—— SIN4 
@® SOE Simplifies Multiplexing of Serial Data SOUT4 
Streams DQa4 
Long Refresh Period . . . 4 ms (256 Cycles) pene 
All Inputs, Outputs, Clocks Fully TTL Vop 
Compatible 
Performance Ranges: AO-A7 Address inputs 
ACCESS ACCESS READ CAS1-CAS4 Column-Address Strobes 
TIME TIME OR bQ1-DQ4 Random-Access Data In/Data Out 
(MAX) (MAX) (MIN) SCLK re Data Clock 
TM4161EV4-15 150 ns 100 ns 240 ns SIN1-SIN4 Serial Data In 
TM4161EV4-20 200 ns 135 ns 315 ns SOE Serial Output Enable 
@ Separate CAS Control with Common Data- SOUT SQUAT - operial: Data Cut 
In and Data-Out Lines TR/QE Register Transfer/Q Output Enable 
Vppb 5-V Supply 
@ Low Power Dissipation: Vss Ground 
— Operating . . . 1000 mW (Typ) Ww Write Enable 





—Standby . . . 320 mW (Typ) 


@ Operating Free-Air Temperature .. . O°C to 
70°C 





PRODUCTION DATA documents contain information 7 Copyright © 1985, Texas Instruments Incorporated 
current as of publication date. Products conform to 

‘specifications per the terms of Texas Instruments TE 

standard warranty. Production processing does not 


necessarily include testing of all parameters. INSTRUMENTS 
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description 


S8INPOW WW dweudg A 


The TM4161EV4 is a 256K dual-access dynamic random-access memory module organized as 65,536 
x 4-bits in a 31-pin single-in-line package comprising four TMS4161FML, 65,536 x 1-bit Multiport Video 
RAMs in 22-lead plastic chip carriers mounted on top of a substrate together with four decoupling capacitors. 
The random-access port makes the memory look like it is organized as 65,536 words of four bits each. 
The sequential access port is interfaced to four internal 256-bit dynamic shift registers each organized 
as four cascaded 64-bit shift register segments which are accessed serially. One, two, three, or four 64-bit 
shift register segments can be sequentially read out after a transfer cycle depending on a two-bit code 
applied to the two most significant column address inputs. 


The TM4161EV4 features full asynchronous dual access capability except when transferring data between 
the shift registers and the memory array. 


Refresh period is extended to 4 milliseconds, and during this period each of the 256 rows must be strobed 
with RAS in order to retain data. CAS can remain high during the refresh sequence to conserve power. 
Note that the transfer of a row of data from the memory array to the shift registers also refreshes that row. 





All inputs and outputs, including clocks, are compatible with Series 74 TTL. All address lines and data 
in are latched on chip to simplify system design. Data out is unlatched to allow greater system flexibility. 


The TM4161EV4 is guaranteed for operation from O°C to 70°C. 
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functional block diagram 


{7) 








AO 
a1 —(8) 
a2 
a a 
a4 —(16) 
ag —(2u) 
a7 —22 
RAS {24) 
— (25) 
W 30) 
SCLK —— 
TRE “ 
SOE (6) 
CAS1 
4 
SIN1 = (4) sours 
pai 
SIN2 rey (12) sourz 
pa2 
— 2 
tass —22) 
SIN3 aH (18) sours 
pa3 : 
4 
CAS4 {29) 
27 
SING on (27) sours 
pa4 
(31) 
Vpp 
ci e C4 
a) 
Vss 
TEXAS ai 
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TMS4161 functional block diagram 





TR/GQE 


SIN 


SCLK 
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a 
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TIMING AND CONTROL 













DUMMY CELLS 
DATA 
(1/2) MEMORY ARRAY IN 
‘ REG 





(1/2) 4 OF 256 COLUMN DECODE 


256 SENSE - REFRESH $+ 10F4 
AMPLIFIERS a——} SELECTOR 


(1/2) 4 OF 256 COLUMN DECODE 





(1/2) MEMORY ARRAY 





DUMMY CELLS 


f 
i 
| o& TRANSFER CONTROL 


a REGISTER f REGISTER | REGISTER | REGISTER 
00 01 10 


11 


ae eet COLUMN 19 











10F4 
SELECTOR sour 


random-access address space to sequential-address space mapping 


The TM4161EV4 is designed with each row divided into four, 64-column sections which map directly 
onto the four segments of each shift register (see TMS4161 functional block diagram). The first column 
section to be shifted out is selected by the two most-significant.column-address bits. If the two bits represent 
binary OO, then one to four register segments can be shifted out in order. If the two bits represent binary 
01, then only 1 to 3 (the most significant) register segments can be shifted out in order. If the two bits 
represent 10, then one to two of the most-significant register segments can be shifted out in order. Finally, 
if the two bits represent 11 only the most-significant register segment can be shifted out. All register 
segments are shifted out with the least-significant bit (bit O) first and the most-significant bit (bit 63) last. 
Note that if the two column-address bits equal OO during the last register transfer cycle (TR/QE at logic 
level ‘‘0"’ as RAS falls) a total of 256 bits can be sequentially read out of each serial output pin. 
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A NT EN ne a Ee 
random-access operation 
TR/QE 
The TR/QE pin has two functions. First, it selects either register transfer or random-access operation as 
RAS falls, and second, during a random-access operation, it functions as an output enable after CAS falls. 


To use the TM4161EV4 in the random-access mode, TR/QE must be high as RAS falls. Holding TR/QE high 
as RAS falls keeps the 256 elements of the shift registers disconnected from the corresponding 256 bit 
lines of the memory array. If data is to be shifted, the shift registers must be disconnected from the bit 
lines. Holding TR/QE low as RAS falls enables the 256 switches that connect the shift registers to the 
bit lines and indicates that a transfer will occur between the shift registers and one of the memory rows. 


During random-access operation, once CAS has been pulled low, TR/QE controls when the data will appear 
at the Q output (if this a read cycle). Whenever TR/QE is held high during random-access operation, 
the Q output will be in the high-impedance state. This feature removes the possibility of an overlap between 
data on the address lines and data appearing on the Q output making it possible to connect the address 
lines to the Q and D lines (Use of this organization prohibits the use of the early write cycle.). 


address (AO through A7) 


Sixteen address bits are required to decode 1 of 65,536 storage cell locations. Eight row-address bits are 
set up on pins AO through A7 and latched onto the chip by the row-address strobe (RAS). Then the eight 
column-address bits are set up on pins AO through A7 and latched onto the chip by the column-address 
strobe (CAS). All addresses must be stable on or before the falling edges of RAS and CAS. RAS is similar 
to a chip enable in that it activates the sense amplifiers as well as the row decoder. CAS is used as a 
chip select activating the column decoder and the input and output buffers. 








write enable (W) 


The read or write mode is selected through the write-enable (W) input. A logic high on the W input selects 
the read mode and a logic low selects the write mode. The write-enable terminal can be driven from standard 
TTL circuits without a pull-up resistor. The data inputs are disabled when the read mode is selected. The 
common I/O feature of the TM4161EV4 dictates the use of early write cycles to prevent contention on 
DQ. When W goes low prior to CAS, the data outputs will remain in the high-impedance state for the entire 
cycle permitting common I/O operation. 


data in (DQ1-DQ4) 


Data is written during a write or read-modify-write cycle. The falling edge of CAS or W strobes data into 
the on-chip data latch. This latch can be driven from standard TTL circuits without a pull-up resistor. In 
an early write cycle, W is brought low prior to CAS and the data is strobed in by CAS with setup and 
hold times referenced to this signal. 


data out (DQ1-DQ4) 


The three-state output buffer provides direct TTL compatibility (no pull-up resistor required) with a fan 
out of two Series 74 TTL loads. Data out is the same polarity as data in. The output is in the high-impedance 
(floating) state as long as CAS or TR/QE is held high. Data will not appear on the output until after both 
CAS and TR/QE have been brought low. In a read cycle, the guaranteed maximum output enable access 
time is valid only if tcQE is greater than tcqe MAX, and tRLCL is greater than tRLCcL MAX. Likewise, 
ta(C) MAX is valid only if tRLCL is greater than tRLCL MAX. Once the output is valid, it will remain valid 
while CAS and TR/QE are both low; CAS or TR/QE going high will return the output to a high-impedance 
state. In an early write cycle, the output is always in a high-impedance state. In a register transfer cycle, 
the output will always be in a high-impedance state. 
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refresh 


A refresh operation must be performed at least every four milliseconds to retain data. Since the output 
buffer is in high-impedance state unless CAS is applied, the RAS-only refresh sequence avoids any output 
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during refresh. Strobing each of the 256 row addresses (AO through A7) with RAS causes all bits in each 
row to be refreshed. CAS can remain high (inactive) for this refresh sequence to conserve power. 


page mode 


Page-mode operation allows effectively faster memory access by keeping the same row address and strobing 
successive column addresses onto the module. Thus, the time required to setup and strobe sequential 
row addresses for the same page is eliminated. To extend beyond the 256 column locations on M1-M4, 
the row address and RAS are applied to multiple modules. CAS is then decoded to select the proper module. 


power up 


After power up, the power supply must remain at its steady-state value for 1 ms. In addition, RAS must 
remain high for 100 ps immediately prior to initialization. Initialization consists of performing eight RAS 
cycles before proper device operation is achieved. 


sequential-access operation 


S2INPOW WV olweudg 7 


TR/QE 
Memory transfer operations involving parallel use of the shift registers are first indicated by bringing TR/QE 
low before RAS falls low. This enables the switches connecting the 256 elements of the shift registers 


to the 256 bit lines of the memory array. The W line determines whether the data will be transferred from 
or to the shift registers. 


write enable (W) 


In the sequential-access mode, W determines whether a transfer will occur from the shift registers to the 
memory array, or from the memory array to the shift registers. To transfer from the shift registers to the 
memory array, W is held low as RAS falls, and, to transfer from the memory array to the shift registers, 
W is held high as RAS falls. Thus, reads and writes are always with respect to the memory array. The 
write setup and hold times are referenced to the falling edge of RAS for this:-mode of operation. 


row address (AO through A7) 


Eight address bits are required to rot one of the 256 possible rows involved in the transfer of data to 
or from the shift registers. AO-A7, W, and TR/QE are latched on the falling edge of RAS. 


register column address (A7, A6) 


To select one of the four shift register segments within each shift register (transfer from memory to register 
only), the appropriate 2-bit column address (A7, A6) must be valid when CAS falls. However, the CAS 
and segment address signals need not be supplied every transfer cycle, only when it is desired to change 
or select a new segment. 


SCLK - 





Data is shifted in and out on the rising edge of SCLK. This makes it possible to view each shift register 
as though it were made of 256 rising edge D flip-flops connected D to Q. The TM4161EV4 is designed 
to work with a wide range duty cycle clock to simplify system design. Note that data will appear at the 
SOUT pins not only on the rising edge of SCLK but also after an access time of ta(RSQ) from RAS high during 
a parallel load of the shift registers. . 


SIN and SOUT 


Data is shifted in through the SIN pins and is shifted out through the SOUT pins. The TM4161EV4 is designed 
such that it requires 3 ns hold time on SIN as SCLK rises. SOUT is guaranteed not to change for at least 
8 ns after SCLK rises. When loading data into the shift registers from the serial inputs in preparation for 
a shift register to memory transfer operation, the serial clock must be clocked an even number of times. 
To guarantee proper serial clock sequence after power up, a transfer cycle must be initiated before a serial 
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SOE 


The serial output enable pin controls the impedance of the serial outputs, allowing multiplexing of more 
than one bank of TM4161EV4 memories into the same external video circuitry: When SOE is at a logic low 
level, the SOUTs will be enabled and the proper data read out. When SOE is at a logic high level, the SOUTs 
will be disabled and be in the high-impedance state. 


refresh 


The shift registers are also dynamic storage elements. The data held in the registers will be lost unless 
SCLK goes high to shift the data one bit position, a transfer write operation is invoked, or the data is reloaded 
from the memory array. See specifications for maximum register data retention times. Important: If the 
shift registers have remained idle for a time period which exceeds the maximum SCLK high or SCLK low 
time, the dynamic clock circuits will lose charge. Under these conditions, the shift register clocks must 
be re-enabled by performing any transfer cycle before data can be shifted into or out of the shift registers. 


single-in-line package and components 


PC substrate: 0,79 mm (0.031 inch) minimum thickness 
Bypass capacitors: Multilayer ceramic 
Leads: Tin/lead solder coated over phosphor-bronze 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) t 


Voltage range on any pin except Vpp and data out (see Note 1)............... -1.5Vto 10 V 
Voltage range on Vpp supply and data out with respect to VSS...........-0.-00% -1Vto6V 
Short circuit output current... 0... ee ee eee eee eit agate a 50 mA 
Power dissipation; .. i000 din0aeacearsiee de hed Geko dS dee ee died he bie HR Sob ciel ee ee RIES Sas 4W 
Operating free-air temperature range... 2... ee ee ee te eee tes 0°C to 70°C 
Storage temperature range......... sal Ge sain Wray ager feeds Oo, wheats sameeren poset: ah —65°C to 150°C 


TStresses beyond those listed under ‘‘Absolute Maximum Ratings’’ may cause permanent damage to the device. This is a stress rating 
only and functional operation of the device at these or any other conditions beyond those indicated in the ‘‘Recommended Operating 
Conditions”’ section of this specification is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect 
device reliability. 

NOTE 1: All voltage values in this data sheet are with respect to Vss. 


recommended operating conditions 


Supply voltage 
Supply voltage 


High-level input voltage 
Low-level input voltage (see Notes 2 and 3) = 
Operating free-air temperature 





NOTES: 2. The algebraic convention, where the more negative (less positive) limit is designated as minimum, is used in this data sheet 
for logic voltage levels only. 
3. Due to input protection circuitry, the applied voltage may bain to clamp at —0.6 V; test conditions must comprehend this 
occurrence. . 
- 4, See application report entitled ‘‘TMS4164A and TMS4416 Input Protection Diode’’ on page 9-5. 








Dynamic RAM Modules ° 


TEXAS wy 5-31 


INSTRUMENTS 


POST OFFICE BOX 1443 ® HOUSTON, TEXAS 77001 


S3|NPOIN, INWY DweudAg 7 


TM4161EV4 | 
65,536 BY 4-BIT MULTIPORT VIDEO RAM MODULE 





electrical characteristics over full range of recommended operating conditions (unless otherwise noted) 


TM4161EV4-15 TM4161EV4-20 
PARAMETER TEST CONDITIONS UNIT 
MIN TYPt MAX | MIN TYPt MAX 
High-level output voltage 

Vv I = -5mA 2.4 2.4 Vv 
. Low-level output voltage , 

Vv I = 4.2mA Vv 
Vv 
pA 



















0.4 
=OVto 5.8V, 
Input current (leakage) Vpp = 5V, +10 
All other pins = 0 V 

; Output current (leakage) Vo = 0.4 V to 5.5 V, ae 
90 (DQ1-DQ4, SOUT1-SOUT4) | Vpp = 5V_ 
280 
80 














; TR/QE low after RAS falls, * 
Average operating current 








duri d it ; SCLK and SIN low, SOE high, 
e 
uring read or write cyc As (oue Ga DelchiOs 


0.4 
10 
10 
te(rd) = minimum cycle time, 
80 
and SOUT1-SOUT4 
After 1 RAS cycle, 
RAS and CAS high, 
Ipp23 Standby current SCLK and SIN low, SOE high, 80 
No load on DQ1-DQ4 
and SOUT1-SOUT4 
20 
20 
60 
80 







nl 
Ee 







SCLK and SIN low, 
SOE high, TR/QE high, 
No load on DQ1-D04 
and SOUT1-SOUT4 
te(P) = minimum cycle time, 
RAS low, CAS cycling, 
TR/QE low after RAS falls, 
SCLK and SIN low, SOE high, 
No load on DQ1-DQ4 

and SOUT1-SOUT4 


RAS and CAS high, 


te(SCLK) = te(SCLK) min, 
No load on DQ1-DQ4 
and SOUT1-SOUT4 

te(rd) = minimum cycle time, 





Average refresh current 





















+ 
+ 
200 2 
64 
te(rd) = minimum cycle time, 
CAS high, RAS cycling, 
168 2 
180 2 
120 1 
340 3 










Average page-mode current 













Average shift register 


| 
pps current (includes Ipp2) 




















Worst case average 
IpD6 DRAM and shift 
register current 


tc(SCLK) = minimum cycle time, 
TR/QE low after RAS falls, 

No load on DQ1-DQ4 

and SOUT1-SOUT4 





Tall typical values are at Ta = 25°C and nominal supply voltages. 
tSee appropriate timing diagram. 2 
8Vy. > -0.6 V" 
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capacitance over recommended supply voltage and operating free-air temperature range, f = 1 MHz 




































paramere ax | en 
Cia) Input capacitance, address inputs i: 
Ciipa) Input capacitance, data inputs 
Ci(RC) Input capacitance, strobe inputs | 40 | 
Ciiw) Input capacitance, write enable input | 40 | 
Ciick) Input capacitance, serial clock | 30 | 
Cis) Input capacitance, serial in | 20 | 
Ci(SOE) Input capacitance, serial output enable } 30 | 
CiTR) Input capacitance, register transfer input 
Co(SOUT) Output capacitance, serial out | 20 | 


T All typical values are at Ta = 25°C and nominal supply voltages. 


switching characteristics over recommended supply voltage range and operating free-air temperature 
range (see Figure 1) 


PARAMETER TEST CONDITIONST SYMBOL TOISAS EVANS TA ISIE Ze UNIT 


; Access time of Q from CL Sone 
E eneoe = 100 
BIOe) TR/GE low e 


t 
ta(R) Access time from RAS aa 


ae ae 


ta(SO) Access time from SCLK 


CA 
Q output disable time 
: By eee a = 100 pF 
Serial output disable time 
: t = 30 pF 
Nais(S08)"" from SOE high 


tFigure 1 shows the load circuit. 
+The maximum values for tdis(CH): tdis(QE)- 2Nd tdis(SOE) define the time at which the output achieves the open circuit condition and 
are not referenced to VOH or VoL. 





SOUT access time from 
ta(RSO) RAS high = 30 pF 
Access time from SOE 
t = 30 pF 
Q output disable time 
= 100 pF t 
tais(cH)* from CAS high —— 
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timing requirements over recommended supply voltage range and operating free-air temperature range 


™14161EV4-15 | TM4161EV4-20 











ainet UNIT: 











te(P) Page-mode cycle time 
te(rd) Read cycle timet 

te(w) Write cycle time 

te(TW) Transfer write cycle timet 
te(Trd) Transfer read cycle time 
tc(SCLK) _ Serial-clock cycle time 


45 50,000 50 50,000 
100 10,000 135 10,000 
150 10,000 200 10,000 


=a 
twiCH Pulse duration, CAS high (precharge time) 


twiCL) Pulse duration, CAS low tcAs 


tw(RH) Pulse duration, RAS high (precharge time) 
twiRL Pulse duration, RAS low 

tw(W) Write pulse duration 

twi(CKL) Pulse duration, SCLK low 

tw(CKH) Pulse duration, SCLK high 


twiQe) TR/GE pulse duration low time (read cycle) 
Transition times (rise and fall) 
RAS, CAS, and SCLK 

tsu(CA) Column-address setup time 

tsu(RA) Row-address setup time 


tasc 
tasR 


¢ W setup time before RAS low 
su(RW) with TR/OE low 


tsu(D Data setup time 

tsu(rd) Read-command setup time tRcs 
; Early write-command setup time ‘ 
su(WCL) before CAS low wes 


tsu(WCH) | Write-command setup time before CAS high tCWL 
tsu(WRH) _ Write-command setup time before RAS high tRWL 


tsu(TR TR/GE setup time before RAS low 
tsu(Si) Serial-data setup time before SCLK high 
thisi) Serial-data-in hold time after SCLK high 


(Continued next page. } 
NOTE 5: Timing measurements are made at the 10% and 90% points of input and clock transitions. In addition, Vj, max and Viy min 
must be met at the 10% and 90% points. 
al cycle times assume ty = 5 ns except te(SCLK) which assumes ty; = 3 ns. 
+Multiple transfer write cycles require separation by either a 500 ns RAS-precharge interval! or any other active RAS-cycle. 
§Page- mode only. 


tRCH 
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timing requirements over recommended supply voltage range and operating free-air temperature range 


Cee ee | SYMBOL 


thiRHrd) Read-command hold time after RAS high tRRH 
thicLW) Write-command hold time after CAS low tWCH 
thiRLW) Write-command hold time after RAS low twcR 


: Serial-data-out hold time after 
h(RSO) RAS tow with TR/GE low 


thisO) Serial-data-out hold time after SCLK high 





ALT. 
















wo 
oO 


thiTR) TR/GE hold time after RAS low (transfer) 20 
tRLCH Delay time, RAS low to CAS high tcSH 
tCHRL Delay time, CAS high to RAS tow tcrpe 


tCLQEH Delay time, CAS low to QE high 
tCLRH Delay time; CAS low to RAS high 


Delay time, CAS low to OE low 
tcoE (maximum value specified only 










; to guarantee ta(QE) access time) 


tRHSC Delay time, RAS high to SCLK high 80 50,000 80 50,000 
$ Delay time, RAS tow to CAS low (maximum ¢ 25 50 
RLCL value specified only to guarantee access time) RCD 
Delay time, SCLK high before 
tCKRL cael y 10 50,000 10 50,000 


RAS low with TR/GE low! 
trf(MA) Refresh time interval, memory array ; 
trf(SR Refresh time interval, shift register# : tREF2 


NOTE 5: Timing measurements are made at the 10% and 90% points of input and clock transitions. In addition, Vj_ max and Vjy min 
must be met at the 10% and 90% points. 
{SCLK may be high or low during typi), but there can not be any positive edge transitions on SCLK for a minimum of 10 ns prior to 
RAS going low with TR/GE low ({i.e., before a transfer cycle). 
#See ‘refresh’ on page 5-31. 
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NOTES: 6. Timing is for non-multipfexed DQ and Address lines. 
7. Awrite cycle or a read-modify-write cycle can be intermixed with read cycles as long as the write and read- -modify- -write timing specifications are not violated. 
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NOTES: 6. Timing is for non-multiplexed DQ and Address lines. 
8. Aread cycle or a read-modify-write cycle can be intermixed with write cycles as long as the read and read-modify-write timing specifications are not violated. 
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shift register to memory timing 
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NOTES: 9. The shift register to memory cycle is used to transfer data from the shift registers to the memory array. Every one of the 
256 locations in each shift register is written into the 256 columns of the selected row. Note that the data that was in the 
shift registers may have resulted, either from a serial shift in or from a parallel load of the shift registers from one of the 
memory array rows. 

10. SOE assumed low. 
11. SCLK may be high or low during ty (RL)- 
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NOTES: 10. SOE assumed low. 
: 11, SCLK may be high or low during tw(RL)- 
12. The memory to shift register cycle is used to load the shift registers in parallel from the memory array. Every one of the 
256 locations in each shift register are written into from the 256 columns of the selected row. Note that the data that is 
loaded into the shift registers may be either shifted out or written back into another row. 
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NOTES: 13. When loading data into the shift registers from the serial input in preparation for a shift register to memory transfer operation, 


the serial clock must be clocked an even number of times. 


14. While shifting data through the serial registers, the state of TR/OE is a don’t care as long as TR/OE is held high when RAS 
goes low and tgy(TR) and th(TR) timings are observed. This requirement avoids the initiation of a register-to-memory or memory- 
to-register data transfer operation. The serial data transfer cycle is used to shift data in and/or out of the shift registers. 
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TCAS and register address need not be supplied every cycle, only when it is desired to change or select a new register length. 


NOTES: 10. 


SOE assumed low. : 

The shift register to memory multiple cycle is used to write the shift register data to more than one row of the memory array. An application of this could 
be clearing alli memory. To do this, the SIN lines would be held at 0 to fill all locations in the shift registers with O’s. The shift registers would then be 
written into all 256 rows of the memory array in 256 cycles. The random output port Q will be in a high-impedance state as long as register transfer 
cycles are selected. : 


. SCLK is a don’t care except that no positive transitions on SCLK can occur for a period equal to tex, prior to RAS falling with TR/GE low. 
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TCAS and register address need not be supplied every cycle, only when it is desired to change from one register address to another. 


NOTES: 10. 
16. 
17. 


SOE assumed low. 

SCLK is a don’t care except that no positive transitions on SCLK can occur for a period equal to tcKRL prior to RAS falling with TR/QE low. 

The memory to shift register to memory multiple cycle is used to reorder the rows within the memory array itself. First, the data in a row is stored in 
the shift register and then it is written into other selected rows. The random output port Q will be in a high-impedance state as long as register transfer 
cycles are selected. 
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TI single-in-line package nomenclature 


™ 4161 E v 4 -15 - Fe 






TEMPERATURE 
RANGE 






PINOUT 
ONFIGURATIO 





(78,7 x 11,4 mm) Max Access LO°C to 70°C 
(3.1 x 0.45 inches) —15 150 ns 
-—20 200 ns 
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NOVEMBER 1985 












™M4161GW4 . .. W SINGLE-IN-LINE PACKAGEt 
; TM4161GY4... Y SINGLE-IN-LINE PACKAGEt 
Single 5-V Supply (10% Tolerance) (TOP VIEW) 


30-Pin Single-in-Line Package (SIP) 


65,536 X 4 Organization 








Dynamic RAM Modules ° 


—Pinned Version for Through-Hole Insertion Vpp 
(TM4161GY4) SOE 
—Leadless Version for Use with Sockets SIO1 
(TM4161GW4) DQ1 
a : : ; CAS1 
@ Utilizes Four Multiport Video RAMs in AO 
Plastic Chip Carriers ‘ Al 
Long Refresh Period . . . 4 ms (256 Cycles). A2 
All Inputs, Outputs, Clocks Fully TTL a 
Compatible | sio2 
3-State Outputs Da2 
CAS2 
Performance of Unmounted RAMs: A3 
ACCESS ACCESS READ READ- A4 
TIME TIME OR MODIFY- NC 
ROW COLUMN WRITE WRITE : S103 
ADDRESS ADDRESS CYCLE CYCLE DO3 
(MAX) (MAX) (MIN) (MIN) —— 
TMS4161-15 150ns 100ns 240ns 265ns CAS3 
™MS4161-20  200ns 135ns 315ns 330ns AS 
© Separate CAS Control with Common Data- os 
In and Data-Out Lines ; ie 
@ Low Power Dissipation: RAS 
OPERATING STANDBY w 
(TYP) (TYP) S!04 
T™M4161G_4-15 1000 mW 256 mW DQ4 
™M4161G_4-20 1000 mw 256 mw CAS4 
@ Operating Free-Air Temperature . . .0°C To dig 
70°C VDD 
description TTM4161GY4 package is shown. 
The TM4161G_4 series are 256K dual-access ; 
dynamic random-access memory modules 
organized as 65,536 x 4-bits in a 30-pin single- A0-A7 Address Inputs 
in-line package. This module is comprised of four CAS1-CAS4 Column-Address Strobes 
- TMS4161FML, 65,536 x 1-bit Multiport Video Da1-DQ04 Random-Access Data in/Data Out 
RAMs in 22-lead plastic chip carriers mounted NC No Connection 
on top of a substrate together with four RAS Row-Address Strobe 
decoupling capacitors. Each TMS4161FML is SCLK Serial Data Clock 
described in the TMS4161 data sheet and is fully $101-SI04 Serial-Access Data In/Data Out 
electrically tested and processed according to SOE Serial Output Enable 
TI's MIL-STD-883B (as amended for commercial TR/GE Register Transfer/Q Output Enable 
applications) flows prior to assembly. After Vpp 5-V Supply 
assembly onto the substrate, a further set of Vss Ground 
electrical tests is performed. The TM4161G_4 Ww Write Enable 





is rated for operation from O°C to 70°C. 





information on new products in the sampling or 
preproduction phase of development. Characteristic 


data and other specifications are subject to chan: EXAS 
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operation 
The TM4161G_4 operates as four TMS4161’s connected as shown in the functional block diagram. Refer 
to the TMS4161 data sheet for details of its operation. 

specifications . 
For TMS4161 electrical specifications, refer to the TMS4161 data sheet. 


single-in-line package components 


PC substrate: TM4164GY4... 0,79 mm (0.031 inch) minimum thickness 
T™TM4161GW4... 1,35 mm (0.053 inch) maximum thickness 

Bypass capacitors: Multilayer ceramic 

Leads: Tin/lead solder coated over phosphor-bronze 

Contact area for socketable devices: Nickel plate and solder plate on top of copper 


sojNpoW INVY 2Qhweudg . 
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functional block diagram 
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TI single-in-line package nomenclature 


™ 4161 G Ww 4 


MEMORY PINOUT BOARD WORD WIDTH 
DEVICE CONFIGURATION DIMENSIONS OUTPUT 


— 15 L 


TEMPERATURE 
RANGE 





W PACKAGE Max Access L 0°C to 70°C 
(88,9 x 12,7 mm) ~15 150 ns 
(3.5 x 0.50 inches) ~—20 200 ns 
Y Package 


(76,2 x 11,43 mm) 
{3.0 x 0.45 inches) 
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TM4164EC4 
65,536 BY 4-BIT DYNAMIC RAM MODULE 


NOVEMBER 1983 — REVISED NOVEMBER 1985 








65,536 X 4 Organization SINGLE-IN-LINE PACKAGE 
: (TOP VIEW) 
Single 5-V Supply (10% Tolerance) 
22-Pin Single-in-Line Package (SIP) NcT (1) 
Vv (2) 
Utilizes Four 64K Dynamic RAMs in Plastic me (3) 
Chip Carrier Q1 (4) 
Long Refresh Period . . . 4 ms (256 cycles) CAS (5) 
A7 (6) 
All Inputs, Outputs, Clocks Fully TTL AS (7) 
Compatible A4 (8) 
3-State Outputs D2 (9) 
; Q2 (10) 
Performance Ranges: W (11) 
ACCESS ACCESS READ READ- Al (12) 
TIME TIME OR MODIFY- A3 (13) 
ROW COLUMN WRITE WRITE A6 (14) 
ADDRESS ADDRESS CYCLE CYCLE 3 (15) 
(MAX) (MAX). (MIN) = (MIN) D3 
TM4164EC4-12 120 ns 75ns 230ns 260ns (16) 
TM4164EC4-15 150 ns 80ns 260ns 285ns A2 (17) 
T™M4164EC4-20 200ns 135ns 326ns 345ns t AO (18) 
— = R 
Common CAS Control with Separate Data-In aa ae 
and Data-Out Lines with an ‘’Early Write’ 04 (21) 
Feature 
| VSs (22) 
Low Power Dissipation: tReserved for A8 on TM4256EC4 
OPERATING STANDBY 
(TYP) (TYP) 
TMa1645C4-12 00 mw 70 mW 
TM4164EC4-15 700 mW 70 mW 
Address Inputs 
T™M4164EC4-20 540 mW 70 mw Picghn Radeis Skene 
Operating Free-Air Temperature . . . 0°C to 1- Data Inputs 
70°C No Connection 
Upward Compatible with 256K X 4 Single- : Date Ounpus 


In-Line Package Row-Address Strobe 


5-V Supply 
Ground 
Write Enable 





description 


The TM4164EC4 is a 256K, dynamic random-access memory module organized as 65,536 x 4 bits in a 
22-pin single-in-line package comprising four TMS4164FPL, 65,536 x 1 bit dynamic RAM’s in 18-lead plastic 
chip carriers mounted on top of a substrate together with four 0.1 nF decoupling capacitors. The onboard 
capacitors eliminate the need for bypassing on the motherboard and offer superior performance over 
equivalent leaded capacitors due to reduced lead inductance. Also, with 0.3 inch board spacing the 
TM4164EC4 has a density of six devices per square inch (approximately 2.4X the density of DIPs). With 
the elimination of bypass capacitors on the motherboard, reduced PC pear? size, and fewer plated-through 
holes, a cost savings can be realized. 


All inputs and outputs, including clocks, are compatible with Series 74 TTL. All address lines and data 
in are latched on chip to simplify system design. Data out is unlatched to allow greater system flexibility. 


The TM4164EC4 is rated for operation from O°C to 70°C. 





PRODUCTION DATA documents contain information 
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upward compatibility 


sajnpo-W| Wy oiweudg | 


Future 256K x 4 memory modules in single-in-line packages will have identical pin functions and spacing, 
and will be directly upward compatible. Pin 1 of the TM4256EC4 (256K X 4 SIP) module will be memory 
address A8. 


operation 


address (AO through A7) 


Sixteen address bits are required to decode 1 of 65,536 storage cell locations on each of the four chips. 
Eight row-address bits are set up on pins AO through A7 and latched onto the chip by the row-address 
strobe (RAS). Then the eight column-address bits are set up on Pins AO through A7 and latched onto the 
chip by the column-address strobe (CAS). All addresses must be stable on or before the falling edges of 
RAS and CAS. RAS is similar to a chip enable in that it activates the sense amplifiers as well as the row 
decoder. CAS is used as a chip select activating the column decoder and the input and output buffers. 


write enable (W) 


The read or write mode is selected through the write-enable (W) input. A logic high on the W input selects 
the read mode and a logic low selects the write mode. The write-enable terminal can be driven from standard 
TTL circuits without a pull-up resistor. The data inputs are disabled when the read mode is selected. When 
W goes low prior to CAS, the data-outs will remain in the high-impedance state for the entire cycle 
permitting common 1/O operation. 


data in (D1-D4) 


Data is written during a write or read-modify-write cycle. Depending on the mode of operation, the falling 
edge of CAS or W strobes data into the on-chip data latch. This latch can be driven from standard 
TTL circuits without a pull-up resistor. In an early write cycle, W is brought low prior to CAS and the 
data is strobed in by CAS with setup and hold times referenced to this signal. In a 1 delayed write or 
read-modify-write cycle, CAS will already be low, thus the data will be strobed in by W with setup and 
hold times referenced to this signal. 


data out (01-04) 


The three-state output buffers provide direct TTL compatibility (no pull-up resistor required) with a fan 
out of two Series 74 TTL loads for each output. Data out is the same polarity as data in. The outputs 
are in the high-impedance (floating) state until CAS is brought low. In a read d cycle the outputs go active after 
the access time interval ta(c) that begins with the negative transition of CAS as long as ta(R) is satisfied. 
The outputs become valid after the access time has elapsed and remains valid while CAS is low; CAS 
going high returns them to a high-impedance state. In an early write cycle, the outputs are always in the 
high-impedance state. In a delayed-write or read-modify-write cycle, the outputs will follow the sequence 
for the read cycle. 


refresh 


A refresh operation must be performed at least every four milliseconds to retain data. Since the output 
buffers are in the high-impedance state unless CAS is applied, the RAS- -only refresh sequence avoids any 
output during refresh. Strobing each of the 256 row addresses (AO through A7) with RAS causes all bits 
in each row to be refreshed. CAS can remain high (inactive) for this refresh sequence to conserve power. 


page mode 


Page-mode operation allows effectively faster memory access by keeping the same row address and strobing 
successive column addresses onto the module. Thus, the time required to setup and strobe sequential 
row addresses for the same page i is eliminated. To extend beyond the 256 column locations on a single 
module, the row address and RAS are applied to multiple modules. CAS is then decoded to select the 
proper module. 
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power up 


After power up, the power supply must remain at its steady-state value for 1 ms. In addition, RAS must 
remain high for 100 ys immediately prior to initialization. Initialization consists of performing eight RAS 
cycles before proper device operation is achieved. 


single-in-line package and components 


PC substrate: 0,79 mm (0.031 inch) minimum thickness | 
Bypass capacitors: Multilayer ceramic 
Leads: Tin/lead solder coated over phosphor-bronze 


logic symbolt functional block diagram 


(18) 


AO 
Al 









RAM 64Kx4 







A2 ete 
AO 20D8/21D0 A3 ms) 
Al . Aa prey 
AS 
A3 Ae AT — 
A4 65,535 ais 3 
AS CAS 
AG W = 
az {8 ie s 
<x 
G23/[REFRESH ROW] fe 
RAS 24{PWR DWN] 2 
£ 
© 
CAS = 
CAS ag 
a) 
q iu 
p1 a1 
D2 a2 
D3 a3 03 
D4 a4 


This symbol is in accordance with ANSI/IEEE Std 91-1984 and 
IEC Publication 617-12. 


D4 


Vop 





Vss 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 


Voltage range on any pin except Vpp and data out (see Note View oeitere ar eee -1.5Vto 10 V 
Voltage range on Vpp supply and data out with respect to V§S.........00 0022 eee -1Vto6V 
Short circuit output current for any output... 2... ee ee eee 50 mA 
Power: dissipation: 3 vstise wd fee tw ow oad nal Se Ri es oe Be ee My ea a aw A we ce 4W 
Operating free-air temperature range... 1... eee eee ee teens O0°C to 70°C 
Storage temperature range... 2... 6. cece ee eee ee nee —65°C to 150°C 


t Stresses beyond those listed under ‘‘Absolute Maximum Ratings’’ may cause permanent damage to the device. This is a stress rating 
only and functiona! operation of the device at these or any other conditions beyond those indicated in the ‘‘Recommended Operating 
Conditions’’ section of this specification is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect 
device reliability. 

NOTE 1: All voltage values in this data sheet are with respect to Vss. 


recommended operating conditions 


oN] MIN NOM MAX] ONT 


Supply voltage 
Tee Supply voltage 


VIH High-level input voltage 


VIL Low-level input voltage (see Notes 2 and 3) 
TA Operating free-air temperature 





NOTES: 2. The algebraic convention, where the more negative (less positive) limit is designated as minimum, is used in this data sheet 
for logic voltage levels only. 
3. Due to input protection circuitry, the applied voltage may begin to clamp at —0.6 V. Test conditions should comprehend this 
occurrence. See application report entitled ‘‘TMS4164A and TMS4416 Input Protection Diode’’ on page 9-5. 


electrical characteristics over full ranges of recommended operating conditions (unless otherwise noted) 


PARAMETER TEST TM41 ae TM4164EC4-15 
CONDITIONS 


MIN TyPt MIN TyPt max | UNIT 
a a ee ee 
Low-level output voltage oe = 4.2mA 


=0 V to 5.8 V, Vpp= we. toh 
Input current (leakage) a other pins = OV 


Vo = 0.4 to 5.5 V, 
Vpp = 5 V, 

CAS high 
Average operating current te = minimum cycle, 
during read or write cycle All outputs open 
After 1 memory cycle, 
RAS and CAS high, 
All outputs open, 


























Output current (leakage) 














!pp1 













Ipp2 Standby current 





te = minimum cycle, 
CAS high and RAS cycling, 
All outputs open 
te(P) = minimum cycle, 
RAS low and CAS cycling, 
All outputs open 








IDD3 Average refresh current 












Ipp4 Average page-mode current 


TAll typical values are at Ta = 25°C and nominal supply voltages. 
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electrical characteristics over full ranges of recommended operating conditions (unless otherwise noted) 
TEST TM4164EC4-20 
rae CONDITIONS MIN TYP? MAX 


+10 
+10 
108 148 
80 128 
80 128 


VoH High-level output voltage lon = -5 mA 
VOL Low-level output voltage lol = 4.2 mA 
| 


Vv; = 0 V to 5.8 V, V; =5V 
l Input current (leakage) ; pe 
All other pins = OV 


[24 
lo Output current (leakage) Sw 
during read or write cycle All outputs open 
After 1 memory cycle, 
IpDp2 Standby current RAS and CAS high, po» m 
All outputs open 


A 

te = minimum cycle, 
Ipp3 Average refresh current CAS high and RAS cycling, mA 
‘ All outputs open 


te(p) = minimum cycle, 
Ipp4 Average page-mode current RAS low and CAS cycling, 
All outputs open 


T All typical values are at Ta = 25°C and nominal supply voltages. 





capacitance over recommended supply voltage range and operating free-air temperature range, 
f = 1 MHz 
PARAMETER 

Cita) Input capacitance, address inputs 

Ciip Input capacitance, data input 

Circ) input capacitance, strobe inputs 

Ci(w) Input capacitance, write enable input 

Co Output capacitance 
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switching characteristics over recommended supply voltage range and operating free-air 
temperature range 


are eee ReNciOns ALT. T™M4164EC4-12 | TM4164EC4-15 
| SYMBOL | MIN MAX | 
Ci = 100 pF, 
- ‘ % ‘ 75 
ta(C) peeee Mine Hom CAS Load = 2 Series 74 TTL gates jcc | 8 
=e tRLCL = MAX, 
t A t RAS ‘ 
a(R) ccess time from Load = 2 Series 74 TTL gates 
i fp 9 0] 0 40] 


Cc 

Cc 
a Output disable time Cy = 100 pF, ‘ 
dis(CH) after CAS high Load = 2 Series 74 TTL gates OFF 
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switching characteristics over recommended supply voltage range and operating free-air 
temperature range 


_ ALT. 
t Access time from CAS Cy = 100. BF t 
a(C) Load = 2 Series 74 TTL gates CAC 
7 omen tRLcL = MAX,* 
se Output disable time Ci = 100 pF, ‘ 
dis(CH) after CAS high Load = 2 Series 74 TTL gates OFF 
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timing requirements over recommended supply voltage range and operating free-air temperature range 
















thiCHrd Read-command hold time after CAS high tRCH — 


fa 
nich 


Delay time, CAS low to W low 


t 
(read-modify-write cycle only) Wp 


tCLWL 


symao. [MIN MAX |WIN MAX] 

oe To aD Re a 
z30 [260 
26 [305] 
ie ee 
| twintty Pulse duration, RAS high (precharge time) | trp | 100 
120 _ 10,000 
ae aa 
sw] 
ae! 
3 
Seca 
aioe 
| 50 
er 
| 45 
thiRA) Row-address hold time 20 
__tAR | 105 | 
‘DHC pe | 
th(RLD Data hold time after RAS low tDHR | 100 
th(WLD Data hold time after W low tpHW | 500 
Rak aeaeel 

aa 

| 50 

| 100 

ed eOr 

| oo 

ee 


Delay time, RAS low to CAS low 








tRLCL {maximum value specified only tRCD 30 60 
to guarantee access time) 

, Delay time, RAS low to W low : 136 

RLWL (read-modify-write cycle only) nwD 
Delay time, W low to CAS 

tWLCL twcs 


low (early write cycle) 
tre Refresh time interval 


NOTE 4: Timing measurements are made at the 10% and 90% points of input and clock transitions. In addition, Vii max and Viy min 
must be met at the 10% and 90% points. 

TAI cycle times assume ty = 5 ns. 

+Page mode only. 

3in a read-modify-write cycle, te_wL and tsu(WCH) Must be observed. Depending on the user’s transition times, this may require additional 
CAS low time (tw(cL}). This applies to page mode read-modify-write also. 

‘in a read-modify-write cycle, tRLWL 4nd tsy(WRH) Must be observed. Depending on the user's transition times, this may require additional 
RAS tow time (tyw(RL))- 





tREF 
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timing requirements over recommended supply voltage range and operating free-air temperature range 


ALT. . | TM4164EC4-20 





UNIT 


. , SYMBOL 
Page-mode cycle time 
te(rd) Read cycle time? tRC 


te(w) Write cycle time 
te(rdw) - Read-write/read-modify-write cycle time 


Wi 
tRWC 
tcp 
twi(CL) Pulse duration, CAS tow$ ae 


(o) 


fad 
[2] 


tw(CH) Pulse duration, CAS high (precharge time)* 


(o) 


aa md 
lana 
4 


135 10,000 
tw(RH Pulse duration, RAS high (precharge time} 


twi(RL} Pulse duration, RAS low! tRAS 
tw(w) Write pulse duration Ww 
Transition times (rise and fall) for RAS and CAS 
tsu(CA) Column-address setup time 
tsu(RA) Row-address setup time 

Data setup time 
tsu(rd) Read-command setup time 


200 10,000 


> 
vu 


- tad 
an 
c 
— 
Oo 


tasc 
tASR 





tRcs 
tCWL 


tRWL 
thicLca) | Column-address hold time after CAS low tCAH 
th(RA) Row-address hold time : tRAH 


tsu(WCH) _Write-command setup time before CAS high ~ 
tsu(WRH) | Write-command setup time before RAS high 









w 


tad 
> 
Pe) 


thiRLCA) _ Column-address hold time after RAS low 


tRLCH Delay time, RAS low to CAS high 
tCHRL Delay time, CAS high to RAS low 
tCLRH Delay time, CAS low to RAS high 


Delay time, CAS low to W low 
(read-modify-write cycle only) 
Delay time, RAS low to CAS low 
tRLCL (maximum value specified only tRcD 
to guarantee access time) 
Delay time, RAS low to W low 


SsaiNpoW Wy odIweudg = 


tCSH 
tCRP__ 


| thiRLcA) _Column-address hold time after RAS low 
ae ae el 
ee neaeeoncnoaladasene AE) SS ag 
thicLW) . Write-command hold time after CAS low 
th(RLW Write-command hold time after RAS low 145 
| tcsy 
| tcre | 
| tas | 





tCLWL tCwD 





*RLWL (read-modify-write cycle only) *RWD gs 

nek Delay time, W low to CAS iwies ie | 
low (early write cycle) 

trf Refresh time interval tREF Pe 


NOTE 4: Timing measurements are made at the 10% and 90% points of input and clock transitions. In addition, Vj max and Vjy4 min 
must be met at the 10% and 90% points. 

TAI cycles times assume ty = 5 ns. 

+Page mode only. 

5in a read-modify-write cycle, tCLWL 8nd tsu(WCH) Must be observed. Depending on the user’s transition times, this may require additional 
-CAS low time (tw{CL))- This applies to page mode read-modify-write also. 

{In a read-modify-write cycle, tRLWL 4nd tsu(WRH) Must be observed. Depending on the user's transition times, this may require additional 
RAS tow time (tw(RL))- 
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PARAMETER MEASUREMENT INFORMATION 


1.31V 
R_ = 2200 
OUTPUT 
UNDER 
TEST 


FIGURE 1. LOAD CIRCUIT 


read cycle timing 






























es te(ed) ——— re 0 
ie | s 
t 
i wiht) >} os 
RAS IH ° 
| | I VIL = 
le—t ko———— tcLrH ——2]_ fo twit) > 
t = 
l b— tact —fe— twit) ——> etc, —>| << 
le—————— tatcu ———— 
| I | 7 tt Vin 2 
CAs {| ; | ‘ E 
1 
| }e— tsu(RA) 7 ——— twiCH) —> a = 
| Le—— thiaicay —o] | | Qa 
trae] le— | i | 
ae i tsuica) 1 | 
es BX COLUMN IEESSIXDONT CARE SAX Next cvcue 
| |! ae es 
thiRHrd 
| | be—el- thicica), | | oners 
t 
| —el he— tute be——*t- thichra) ‘ 
+ IH 
W DON'T CARE QYy XX 
RO AAAAAARAAAY EAA OOK vi 


| F 
| | ~+—+| *dis(CH) 


VoH 
Q1-04 ees Boers VALID 
| VoL 


}~——— tap) ————> 





7 i 
TEXAS 4 
INSTRUMENTS. 


POST OFFICE BOX 1443 @ HOUSTON, TEXAS 77001 


5-59 


TM4164EC4 
65,536 BY 4-BIT DYNAMIC RAM MODULE 





early write cycle timing 
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write cycle timing 
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VOL 


T The enable time (ten) for a write cycle is equal in duration to the access time from CAS (taic)) in a read cycle; but the active levels at the output are invalid. 





TEXAS 4 
INSTRUMENTS 


POST OFFICE BOX 1443 @ HOUSTON, TEXAS 77001 


5-61 


TM4164EC4 
65,536 BY 4-BIT DYNAMIC RAM MODULE 





read-write/read-modify-write cycle timing 
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NOTE 5: A write cycle or a read-modify-write cycle can be intermixed with read cycles as long as the write and ready-modify-write timing specifications are not violated. 
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NOTE 6: A read cycle or a read-modify-write cycle can be intermixed with write cycles as long as read and read-modify-write timing specifications are not violated. 
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NOTE 7: A read or a write cycle can be intermixed with read-modify-write cycles as long as the read and write timing specifications are not violated. 
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RAS-only refresh timing 
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TI single-in-line package nomenclature 
™ 4164 E c 4 ~15 L 
1 MEMORY PINOUT WORD WIDTH TEMPERATURE 
MODULE DEVICE OUTPUT RANGE 
(55,9 x 11,4 mm) Max Access L O°C fo 70°C 
(2.2 x 0.45 inches) -12 120 ns 
~15 150 ns 
-—20 200 ns 
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NOVEMBER 1983 — REVISED NOVEMBER 1985 





@ 65,536 X 9 Organization TM4164EL9 .. . L SINGLE-IN-LINE PACKAGET 
: TM4164FM9 ... M SINGLE-IN-LINE PACKAGE 
oa is) 
@ Single 5-V Supply (10% Tolerance) froP VIEW 
@ 30-Pin Single-in-Line Package (SIP) 
g Vpp (= 
®@ Utilizes Nine 64K Dynamic RAMs in Plastic CAS (2)—==—C] 
Chip Carrier pa1 (3)—<] 
@ Long Refresh Period... 4 ms (256 Cycles) AO (4) — 
. Al (5)—=_] 
All Inputs, Outputs, Clocks Fully TTL pa2 (6)——=—] 
Compatible A2 (7—] 
3-State Outputs A3 (8) =< 
Vss ()—<_] 
Performance Ranges: DO3 (10)——— 7] 
ACCESS ACCESS READ A4 (V1) = 
TIME TIME OR AS (12)——<" 
ROW COLUMN ~~ —WRITE DO4 (13)——=<_7] 
ADDRESS ADDRESS CYCLE AG (14)——=<— J 
(MAX) (MAX) (MIN). 16 
™4164__9-12  120ns 75 ns 230 ns nes aA — 
™4164__9-15 150 ns 90 ns 260 ns . on 
™14164__9-20 200ns 135 ns 326 ns nct (17)—=<__ 
ec CAS Control for Eight Common os a= = 
ommon ontrol for Eig omm Nc (19) 


Data-In and Data-Out Lines ba6 (20) = 


OCoOcoooc 
Dynamic RAM Modules ° 


@ Separate CAS Control for One Separate Pair W (21) =<] 
of Data-In and Data-Out Lines Vsg (22) —=] 
DQ7 (23)—=" 7 
@ Low Power Dissipation: Nc (24) 
OPERATING - STANDBY Das (25)-—=<_) 
(TYP) (TYP) a9 (26) —==_J 
™4164__9-12 1800 mw 157.5 mw RAS (27) ==) 
™4164__9-15 1575 mW 157.5 mw a 
™M4164__9-20 1215 mW 157.5 mW CAS9 (28) —=<_ 1] 
D9 (29)-—~<_}} 
© Operating Free-Air Temperature ...0°C to Vpp (30) —==C 7) 
70°C 
1TTM4164EL9 package is shown. 
+Pin 17 of the 256K x 9 SIP will be memory address A8. 
description 


PIN NOMENCLATURE 

The TM4164__9 series are 576K, dynamic 
random-access memory modules organized as 
65,536 x9 bits [bit nine (D9, Q9) is generally Da1-pas Data In/Data Out 
used for parity and is controlled by CAS9] in D9 Outs in 
a 30-pin single-in-line package comprising nine NC Masonaecian 
TMS4164FPL, 65,536 x 1 bit dynamic RAM’s in 
18-lead plastic chip carriers mounted on top of 
a substrate together with nine 0.1 »F decoupling. 
capacitors mounted beneath the chip carriers. 

The onboard capacitors eliminate the need for 
bypassing on the motherboard and offer superior 
performance over equivalent leaded capacitors due to reduced lead inductance. Also, with O. 3 inch board 
spacing the TM4164__9 has a density of ten devices per square inch (approximately 4X the density of 
DIPs). With the elimination of bypass capacitors on the motherboard, reduced PC board size, and fewer 
plated-through holes, a cost savings can be realized. 


A0-A7 Address Inputs 
CAS, CASI Column-Address Strobes 





ag Data Out 
Row-Address Strobe 
5-V Supply 
Ground 
Write Enable 








PRODUCTION DATA documents contain information S Copyright © 1985, Texas Instruments Incorporated 
current as of publication date. Products conform wy 
to specifications per the terms of Texas Instruments 


standard warranty. Production processing does not 
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The TM4164__9 features RAS access times of 120 ns, 150 ns, and 200 ns maximum. Power dissipation 
as low as 1215 mW typical operating and 157.5 mW typical standby. 


Refresh period is extended to 4 milliseconds, and during this period each of the 256 rows must be strobed 
with RAS in order to retain data. CAS can remain high during the refresh sequence to conserve power. 


All inputs and outputs, including clocks, are compatible with Series 74 TTL. All address lines and data 
in are latched on chip to simplify system design. Data out is unlatched to allow greater system flexibility. 


The TM4164__9 is rated for operation from O°C to 70°C. - 


operation 


S8[NPOW IWWVWY dweudg 


address (AO through A7) 


Sixteen address bits are required to decode 1 of 65,536 storage cell locations on each of the nine chips. 
Eight row-address bits are set up on pins AO through A7 and latched onto the chip by the row-address 

strobe (RAS). Then the eight column- in-address bits are set up on pins AO through A7 and latched onto the 
chip by the column-address strobes (CAS for Mi th thru M8 and CAS$9 for M9). All addresses must be stable on 
or before the falling edges of RAS and CAS. RAS is similar to a chip enable in that it activates the sense 
amplifiers as well as the row decoder. CAS is used as a chip select activating the column decoder and 
the input and output buffers for M1-M8. CAS9 is used similarly for M9. 





write enable (W) 


The read or write mode is selected through the write-enable (W) input. A logic high on the W input selects 
the read mode and a logic low selects the write mode. The write-enable terminal can be driven from standard 
TTL circuits without a pull-up resistor. The data inputs are disabled when the read mode is selected. The 
common 1/0 feature of the TM4164__9 dictates the use of early write cycles to prevent contention on 
D and Q. When W goes low prior to CAS, the data outs will remain in the high- “impedance state for the 
entire cycle permitting common I/O operation. 


data in (DQ1-DQ8, D9) 


Data is written during a write cycle. The falling edge of CAS or W strobes data into the on-chip data latches. 
These latches can be driven from standard TTL circuits without a pull-up resistor. In the early write cycle, 
W is brought low prior to CAS and the data is strobed in by CAS with setup and hold times referenced 
to this signal. 


data out (DQ1-DO08, Q9) 


The three-state output buffers provide direct TTL compatibility (no pull-up resistor required) with a fan 
out of two Series 74 TTL loads for each output. Data out is the same polarity as data in. The outputs 
are in the high-impedance (floating) state unti] CAS is brought low. In a read cycle the outputs go active after 





_the access time interval ta(c) that begins with the negative transition of CAS as long as ta(R) is satisfied. 





The outputs become valid after the access time has elapsed and remains valid while CAS is low; CAS going 
high returns it to a high-impedance state. In the early write cycle, the outputs are always in the high- 
impedance state, a necessity due to the common !/O feature of the TM4164__9. 


refresh 


A refresh operation must be performed at least every four milliseconds to retain data. Since the output 
buffers are in the high-impedance state unless CAS is applied, the RAS-only refresh sequence avoids any 
output during refresh. Strobing each of the 256 row addresses (AO through A7) with RAS causes all bits 
in each row to be refreshed. CAS can remain high (inactive) for this refresh sequence to conserve power. 
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page mode 


Page-mode operation allows effectively faster memory access by keeping the same row address and strobing 
successive column addresses onto the module. Thus, the time required to setup and strobe sequential 
row addresses for the same page is eliminated. To extend beyond the 256 column locations on M1-M9Q, 


the row address and RAS are applied to multiple modules. CAS is then decoded to select the proper module. 


power up 


After power up, the power supply must remain at its steady-state value for 1 ms. In addition, RAS must 
remain high for 100 us immediately prior to initialization. Initialization consists of performing eight RAS 
cycles before proper device operation is achieved. 


single-in-line package and components 


PC substrate: 0,79 mm (0.031 inch) minimum thickness 

Bypass capacitors: Multilayer ceramic 

Leads: Tin/lead solder coated over phosphor-bronze 

Contact area for socketable devices: Nickel plate and solder plate on top of copper 
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functional block diagram 
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pai 


oa2 


0aQ3 


pa4 


CAS9 


b9 
Vppb 
Vpb 


Vss 
Vss 


(4) 
(5) 
(7) 
(8) 
(11) 
(12) 
(14) 
{15) 


(27) 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted) t 


Voltage range for any pin except Vpp and data out (see Note 1) ............. ~1.5Vto 10 V 
Voltage range on Vpp supply and data out with respect to VSs ..........-.0.0-. -1Vto6V 
Short circuit output current for any output ........ 0... ce eee eee ees 50 mA 
POWeRr GISSIDATION: ise eee ices sca ei ok Rew eee, AES Ope Wate ee ¥ DeeleCacel S we wid: Vowel ddeerd ee: Haiti Gite a caine S9W 
' Operating free-air temperature range .. 2... 0... 0c cee eee teens O°C to 70°C 
Storage temperature range ........ 0. ce eee ee eee eee ~65°C to 150°C 


tStresses beyond those listed under ‘Absolute Maximum Ratings’”’ may cause permanent damage to the device. This is a stress rating 
only and functional operation of the device at these or any other conditions beyond those indicated in the ‘‘Recommended Operating 
Conditions” section of this specification is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect 
device reliability. ° 

NOTE 1: All voltage values in this data sheet are with respect to Vss. 


recommended operating conditions 


Yop Supply voltage ras 5 5.5 | 
Vss Supply voltoge mat canes 1 


Vv =4.5V 2.4 4.8 
Vil High-level input voltage oa = 5.5V [24 SCO 
Vit Low-level input voltage(see Notes 2 and 3) -0.6 0.8 


Operating free-air temperature : Oo 70 
























Dynamic RAM Modules - 


TA 





NOTES: 2. The algebraic convention, where the more negative (less positive) limit is designated as minimum, is used in this data sheet 
for logic voltage levels only. 
3. Due to input protection circuitry, the applied voltage may begin to clamp at — 0.6 V. Test conditions should comprehend this 
occurrence. See application report entitled ‘‘TMS4164A and TMS4416 Input Protection Diode’’ on page 9-5. 


electrical characteristics over full ranges of recommended operating conditions (unless otherwise noted) 


TEST ™M4164__9-12 ™4164__9-15 
PARAMETER 
| ramameren | commons ba SPT Da eT | OMT 
Voi Rahit onputvatege | Tgy= sma | iP a 
Vo____ Low-level output voltage lou = 4.2 mA ea. 3) Ree ee 
! a 
m. 


Vj=0 V to 5.8 V, Vpp=5V. 
I Input current (leak 0 
Ape curren esnege) All other pins = 0 V side 
405 


[2400 
Vo = 0.4 to 5.5 V, 
Output current (leakage) Vpop = § V, sae 
. TAS high 
+ Average operating current te = minimum cycle, ; | a80 az | ats 405 | ma | 
315 A 


ae 
TAII typical values are at Ta = 25°C and nominal supply voltages. : 


*Ipp1-Ipp4 are measured with M1-M@Q in the same mode [i.e., operating, standby, refresh or page mode). 


'Ipp1 
during read or write cycle All outputs open 


After 1 memory cycle, 
Ipp2* Standby current RAS and CAS high, 
All outputs open 


te(p) = minimum cycle, 


Ipp4* Average page-mode current RAS low and CAS cycling, 
All outputs open 





MAX 
+10 
+10 

360 432 
te = minimum cycle, 
ipp3* Average refresh current CAS high and RAS cycling, 
All outputs open 
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electrical characteristics over full ranges of recommended operating conditions (unless otherwise noted) 


TEST T™M4164__9-20 
AM 
ia CONDITIONS 






UNI 

MIN TYPt MAX 
VoH — High-level output voltage lon = —5mA ; Ey See ae 
VOL Low-level output voltage lo. = 4.2 mA 

u 


Vy =OVto 5.8 V,V =5V 


Vo = 0.4 to 5.5 V, 
Vpp = 5V, 
CAS high 
during read or write cycle All outputs open 
After 1 memory cycle, 
RAS and CAS high, 
All outputs open 
te = minimum cycle, 
CAS high and RAS cycling, 
All outputs open 
te(P) = minimum cycle, 
RAS low and CAS cycling, 
All outputs open 















lo Output current (leakage) 






















Ipp2* Standby current 


















Ipp3t Average refresh current 










Ippat* Average page-mode current 





TAIl typical values are at Ta = 25°C and nominal supply voltages. 
+ipp1-lpp4 are measured with M1-M@9 in the same mode (i.e., operating, standby, refresh or page mode). 


capacitance over recommended supply voltage range and operating free-air temperature range, 
f = 1 MHz 


PARAMETER 
Ci(a) Input capacitance, address inputs 
Ci(paQ) Input capacitance, data inputs 


Ci(RAS) Input capacitance, RAS input 


Ciw) Input capacitance, W input 
Ci(CAS9) _Input capacitance, CAS9 input 
Ci(CAS) __ Input capacitance, CAS input . 
Ci(p9 Input capacitance, D9 input 
Coiag Output capacitance, Q9 output 





switching characteristics over recommended supply voltage range and operating free-air 
temperature range 


PARAMETER TEST CONDITIONS sippy Clade Le ces lL 
SYMBOL | MIN MAX [ MIN MAX | 
, — CL = 100 pF, 
Access time from GA t 75 
0 cease time from CAS | Load = 2 Series 74 TTL gates pce | | mm | 
: . aRe tRLCL = MAX, 
Access time from RA t 
tal) copes nine rom BAS Load = 2 Series 74 TTL gates RAC 















Output disable time Cy = 100 pF, 


tdi —— 
disiCH) after CAS high Load = 2 Series 74 TTL gates 
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switching characteristics over recommended supply voltage range and operating free-air 
temperature range 


ALT. 1M4164__9-20 
A TE NDITION IT 
eee ee seweon__ || OM | 
a Cy = 100 pF, 
A ti A t 
ie sia aisle tag Load = 2 Series 74 TTL gates ee ee 
. pastes tRLCL = MAX, 
ta(R) Accessiime trom: AS Load = 2 Series 74 TTL gates RAC 
ex Output disable time CL = 100 pF, ‘ 
dis(CH) after CAS high ’ Load-= 2 Series 74 TTL gates OFF 
























7) 
2 
J 
TCT 
2) 
= 
= 
= 
cc 
2 
£ 
© 
c 
> 
Q 
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timing requirements over recommended supply voltage range and operating free-air temperature range 


Re = a eT for 7 


tc (Pp) Page-mode cycle time 


teird) Read cycle timet 
te(w) Write cycle time 


tw(CH) Pulse duration, CAS high (precharge time)* 
twiCL Pulse duration, CAS low tcas 
twiRH Pulse duration, RAS high (precharge time) 


UNIT 





SYMBOL 





75 10,000 90 10,000 


120 10,000 150 10,000 


twiRL Pulse duration, RAS low tRAS 
tw(w) Write pulse duration 
tt Transition times (rise and fall) for RAS and CAS 


tsu(CA Column-address setup time tasc 


tsu(RA)} Row-address setup time 
tsu(D) Data setup time 


tsuird) Read-command setup time tRcs 


ALT. 
tPc 
tRC 
twe 
tcp 
a 


tsu(WCH) _Write-command setup time before CAS high tCWL 


a3 
a 













tsu(WRH) | Write-command setup time before RAS high tRWL 


thiCLCA) Column-address hold time after CAS low tCAH 
th(RA) Row-address hold time tRAH 


=A 
ee 


tRLCH Delay time, RAS low to CAS high tCSH 
tCHRL Delay time, TAS high to RAS low tcrp 


tCLRH Delay time, CAS tow to RAS high 


Delay time, RAS low to CAS low 
tRLCL (maximum value specified only) 
to guarantee access time) 


Delay time W low to CAS © 


t : : t 
WLCL low (early write cycle) wes 


trf Refresh time interval 


NOTE 4: Timing measurements are made at the 10% and 90% points of input and clock transitions. In addition, Vj, max and Vijy4 min 
must be met at the 10% and 90% points. . 

Tali cycle times assume ty = 5 ns. The specified t; is due to testing limitations. Transition times may be as little as 3 ns in system use. 

+Page mode only. 
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timing requirements over recommended supply voltage range and operating free-air temperature range 


ALT. T™4164__9-20 
SYMBOL 


te(P) Page-mode cycle time 


fotrd)__ Read cyeio time! eee 
te(w) Write cycle time ae an6 




















NIT 


twiCH) Pulse duration, CAS high (precharge time)* 
twiCL) Pulse duration, CAS low — 
twi(RH) Pulse duration, RAS high (precharge time) 


twiRL) Pulse duration, RAS low 
se Write pulse duration 


Transition times (rise and fall) for RAS and CAS a! 


135 10,000 


200 10,000 


=" 


tsu(WCH) |_Write-command setup time before CAS high 
tsu(WRH) | Write-command setup time before RAS high tRWL 


th(CLCA) | Column-address hold time after CAS low 
. thiRA) Row-address hold time 


Ttumiray —Readcommand hold time after RAS high id) tar 


Delay time, RAS low to CAS low 
tRCD 


tRLCL (maximum value specified only 
to guarantee access time) 


Delay time, W low to CAS 


t , t 
WLCL low (early write cycle) aa 
trf Refresh time interval tREF 


NOTE 4: Timing measurements are made at the 10% and 90% points of input and clock transitions. In addition, Vj_ max and Vj} min 
must be met at the 10% and 90% points. 

TAI cycle times assume tr = 5 ns. The specified t; is due to testing limitations. Transition times may be as little as 3 ns in system use. 

+Page mode only. 
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PARAMETER MEASUREMENT INFORMATION 


1.31V 
RL = 2200 
OUTPUT 
UNDER : 
TEST 
T C, = 100 pF 


FIGURE 1. LOAD CIRCUIT 


read cycle timing 
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early-write cycle timing 
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NOTE: 5. A write cycle or a read-modify-write cycle can be intermixed with read cycles as long as the write and read-modify-write timing specifications are not 


violated. 
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NOTE: 6. A read cycle or a read-modify-write cycle can be intermixed with write cycles as long as the read and read-modify-write timing specifications are not 


violated. 
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RAS-only refresh timing 
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TI single-in-line package nomenclature 


™ 4164 ft 









Ti 
MODULE 


PINOUT WORD WIDTH 


OUTPUT 


L Package Max Access L O°C fo 70°C 
(76,2 x 16,5 mm) -12 120 ns 
; ~15 150 ns 
(3.0 x 0.65 inch 
ae ~20 200 ns 
M Package 


(88,9 x 15,24 mm) 
(3.5 x 0.6 inches) 


TThe E pinout configuration designator is used when specifying the L package; the F pinout configuration version designator is used when 


specifying the M package. 
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VIL 


VIH 
Vit 
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VoL 











TEMPERATURE 
RANGE 


ADVANCE TM4164E05 








INFORMATION 65,536 BY 5-BIT DYNAMIC RAM MODULE 
SEPTEMBER 1985 — REVISED NOVEMBER 1985 
@ 65,536 X 5 Organization Q SINGLE-IN-LINE PACKAGE 
; : (TOP VIEW) 
@ Single 5-V Supply (10% Tolerance) 
@ 24-Pin Single-in-Line Package (SIP) NC 
. ‘ : Vv 
@ Utilizes Five 64K Dynamic RAMs in Plastic Be 
Chip Carrier a1 
@ Long Refresh Period . . . 4 ms (256 cycles) CAS 
A 
@ All Inputs, Outputs, Clocks Fully TTL oe 
Compatible Aa 
3-State Outputs D2 
Q2 
Performance Ranges: W 
ACCESS ACCESS READ READ- Al 
TIME TIME OR MODIFY- A3 
ROW COLUMN WRITE WRITE AG 
ADDRESS ADDRESS CYCLE CYCLE 
(MAX) (MAX) — (MIN) (MIN) a3 
™4164EQ5-12 120ns 75ns 230ns 260ns D3 
™4164EQ5-15 150ns 90ns 260ns 285ns A2 
TM4164EQ5-20 200ns 135ns 330ns 345ns AO 
© Common CAS Control with Separate RAS 
Data-In and Data-Out Lines with an ‘’Early D4 
Write’’ Feature Q4 
Aan oer Vss 
@ Low Power Dissipation: D5 
OPERATING STANDBY Q5 
(TYP) (TYP) 
TM4161EQ5-12 1000 mW 88 mW 
TM4164EQ5-15 875 mw 88 mW 
T™TM4164EQ5-20 675 mW 88 mW 
@ Operating Free-Air Temperature .. . 0°C to Address Inputs 
70°C CAS Column-Address Strobe 


Data Inputs 
No Connection 


@ Upward Compatible with 256K X 5 Single- 
in-Line Package 


Data Outputs 
Row-Address Strobe 


description 





‘ 5-V Supply 
The TM4164EQ5 is a 320K, dynamic random- Ground 
access memory module organized as 65,536 x Write Enable 


5 bits in a 24-pin single-in-line package 

comprising five TMS4164FPL, 65,536 x1 bit 

dynamic RAM’s in 18-lead plastic chip carriers mounted on top of a substrate together with five 0.1 pF 
decoupling capacitors. The onboard capacitors eliminate the need for bypassing on the motherboard and 
offer superior performance over equivalent capacitors due to reduced lead inductance. Also, with 0.3 inch 
board spacing the TM4164E0Q5 has a density of six devices per square inch (approximately 2.4X the density 
of DIPs). With the elimination of bypass capacitors on the motherboard, reduced PC board size, and fewer 
plated-through holes, a cost savings can be realized. 


All inputs and outputs, including clocks, are compatible with Series 74 TTL. All address lines and data 
in are latched on chip to simplify system design. Data out is unlatched to allow greater system flexibility. 


The TM4164EQS5 is rated for operation from O°C to 70°C. 
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DT a eGVvOnw 


upward compatibility 


Future 256K x 5 memory modules in single-in-line packages will have identical pin functions and spacing, 
and will be directly upward compatible. Pin 1 of the TM4256EQ5 (256K x5 SIP) module will be memory 
address A8. 


operation 


sojnpo-; WY o1ueUuAGg 7 


address (AO through A7) 


Sixteen address bits are’ required to decode 1 of 65,536 storage cell locations on each of the five chips. 
Eight row-address bits are set up on pins AO through A7 and latched onto the chip by the row-address 
strobe (RAS). Then the eight column-address bits are set up on pins AO through A7 and latched onto the 
chip by the column-address strobe (CAS). All addresses must be stable on or before the falling edges of 


RAS and CAS. RAS is similar to a chip enable in that it activates the sense amplifiers as well as the row 
decoder. CAS is used as a chip select activating the column decoder and the input and output buffers. 


write enable (W) 


" The read or write mode is selected through the write-enable (W) input. A logic high on the W input selects 


the read mode and a logic low selects the write mode. The write-enable terminal can be driven from standard 
TTL circuits without a pull-up resistor. The data inputs are disabled when the read mode is selected. When 
W goes low prior to CAS, the data-outs will remain in the high-impedance state for the entire cycle 
permitting common !/O operation. 


data In (D1-D5) 


Data is written during a write or read-modify-write cycle. Depending on the mode of operation, the falling 
edge of CAS or W strobes data into the on-chip data latch. This latch can be driven from standard 
TTL circuits without a pull-up resistor. In an early-write cycle, W is brought low prior to CAS and the 
data is strobed in by CAS w with setup and hold times referenced to this signal. In a a delayed-write or 
read-modify-write cycle, CAS will already be low, thus the data will be strobed in by W with setup and 
hold times referenced to this signal. 


data out (Q1-Q5) 


The three-state output buffers provide direct TTL compatibility (no pull-up resistor required) with a fan 
out of two Series 74 TTL loads for each output. Data out is the same polarity as data in. The outputs 
are in the high-impedance (floating) state until CAS is brought low. In a read d cycle the outputs go active after 
thé access time interval ta(c) that begins with the negative transition of CAS as long as  ta(R) is satisfied. 
The outputs become valid after the access time has elapsed and remains valid while CAS is low; CAS 
going high returns them to a high-impedance state. In the early write cycle, the outputs are always in 
the high-impedance state. In a delayed-write or read- eH -write cycle, the outputs will follow the sequence 
for the read cycle. 


refresh 


A refresh operation must be performed at least every four milliseconds to retain data. Since the output 
buffers are in the high-impedance state unless CAS is applied, the RAS-only refresh sequence avoids any 
output during refresh. Strobing each of the 256 row addresses (AO through A7) with RAS causes all bits 
in each row to be refreshed. CAS can remain high (inactive) for this refresh sequence to conserve power. 


page mode 


Page-mode operation allows effectively faster memory access by keeping the same row address and strobing 
successive column addresses onto the module. Thus, the time required to setup and strobe sequential 
row addresses for the same page is eliminated. To extend beyond the 256 column locations on a single 
module, the row address and RAS are applied to multiple modules. CAS is then decoded to select the 
proper module. 
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power up 


After power up, the power supply must remain at its steady-state value for 1 ms. In addition, RAS must 
remain high for 100 zs immediately prior to initialization. Initialization consists of performing eight RAS 
cycles before proper device operation is achieved. 


single-in-line package and components 


PC substrate: 0,79 mm (0.031 inch) minimum thickness 
Bypass capacitors: Multilayer ceramic 
Leads: Tin/lead solder coated over phosphor-bronze 


logic symboit 





RAM 64K x 5 
20D8/21D0 
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TThis symbol is in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12. 
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functional block diagram 


(4) 4 


(9) (10) a2 


p2 





RAM 64K X 1 






AO-A7 
SAS 


ia 
f= 2 
RAM 64K X 1 


3 (16) (15) 03 


sainpoy, INWH dweudg e 


A0-A7 
wa RAS 


4 £20) Se 


(21) a4 


23 24 
5 (23) (24) os 





(2) 
Vpp 


C1 «* C5 
(22) 
Vss 





5-84 | Texas ¥ | 


INSTRUMENTS 


POST OFFICE BOX 1443 @ HOUSTON, TEXAS 77001 


TM4164E05 
65,536 BY 5-BIT DYNAMIC RAM MODULE 





absolute maximum ratings over operating free-air temperature range (unless otherwise noted) t 


Voltage range on any pin except Vpp and data out (see Note 1) ............. -1.5 Vto 10 V 
Voltage range on Vpp supply and data out with respect to VSs ...............5 -1iVto6V 
Short circuit output current for any output ........0. 2.0000. cee eee ce ee eee ene 50 mA 
Power dissipation .......... as Pgh S2soshrcecrelsawaesatceNae ol pressed ah cst Sie “atch ees igs ch area aerate ne Mee ies 4wW 
Operating free-air temperature range ....... 0.0.0. ec ee eee tee eens 0°C to 70°C 
Storage temperature range ...... 02... cee eee ee eee eee ete eens -65°C to 150°C 


t Stresses beyond those listed under ‘‘Absolute Maximum Ratings’’ may cause permanent damage to the device. This is a stress rating 
only and functional operation of the device at these or any other conditions beyond those indicated in the ‘‘Recommended Operating 
Conditions’”’ section of this specification is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect 
device reliability. ; 

NOTE 1: All voltage values in this data sheet are with respect to Vss. 


recommended operating conditions 


Vpp Supply voltage 
Vss Supply voltage 
; Vop = 4.5 V 2.4 4.8 
VIH High-level input voltage Vv 
VIL Low-level input voltage (see Notes 2 and 3) -0.6 0.8 


Ta Operating free-air temperature 













NOTES: 2. The algebraic convention, where the more negative (less positive) limit is designated as minimum, is used in this data sheet for togic 
voltage levels only. . 
3. Due to input protection circuitry, the applied voltage may begin to clamp at — 0.6 V. Test conditions should comprehend this 
occurrence. See application report entitled ‘‘TMS4164A and TMS4416 Input Protection Diode’’ on page 9-5. 


electrical characteristics over full ranges of recommended operating conditions (unless otherwise noted) 


| TEST TM4164EQ5-12 TM4164EQ5-15 
PARAMETER TM4164EQ5-15 
CONDITIONS MIN Typt MAX | MIN Typt MAX 


VOH High-level output voltage 1oH = -—5 mA 
VoL Low-level output voltage lo. = 4.2 mA 
1 


input ¢ ilencane Vj = OV to 5.8 V, Vpp = SV, 
nput current (leakage 
P : Alt other pins = OV 


Vo = 0.4 Vto 5.5V, 
Vop = 5V, 
CAS high 
isis Average operating current 
during read or write cycle All outputs open 
After 1 memory cycle, 
RAS and CAS high, 
All outputs open 
te = minimum cycle, 
CAS high and RAS cycling, 
All outputs open 
te(P) = minimum cycle, 
RAS low and CAS cycling, 
All outputs open 













pA 
A 
A 
A 
mA 











lo Output current (leakage) 

















Ipp2 Standby current 















+10 
+10 
m 
m 
160 m 


Ipp3 Average refresh current 









Ipp4 Average page-mode current 





iy eee 
page OM 





TAll typical values are at Ta = 25°C and nominal! supply voltages. 
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electrical characteristics over full ranges of recommended operating conditions (unless otherwise noted) 


PARAMETER TEST TM4164E05-20 
CONDITIONS MIN TYPt MAX 
VoH High-level output voltage lon = -5mA 
VoL Low-level output voltage loL = 4.2 mA P| 
UI 


Vi = OV to 5.8 V, Vop = SV, 
Input c leakage : 
nput-eurrene {leakage} ' ll other pins = 0 V 


Vo = 0.4 V to 5.5 V, 
lo Output current (leakage) Vop = SV, : 
CAS high 


during read or write cycle All outputs open 

After 1 memory cycle, 

Ipp2 Standby current RAS and CAS high, 
All outputs open 
te = minimum cycle, . 

Ipp3 «Average refresh current TAS high and RAS cycling, 80 
All outputs open 

80 


te(P) = minimum cycle, 
Ipp4 Average page-mode current | RAS low and CAS cycling, 


All outputs open 


+10 
+10 
148 
128 
128 





tan typical values are at TA = 25°C and nominal supply voltages. 


capacitance over recommended supply voltage range and operating free-air temperature range, 
f = 1 MHz 


PARAMETER 
Cita Input capacitance, address inputs 
Ciip Input capacitance, data input 
Circ Input capacitance strobe inputs 
Citw) Input capacitance, write enable input 
Co Output capacitance 





switching characteristics over recommended supply voltage range and operating free-air 
temperature range 


a ae eS 
Same] | =| 


Output disable time CL = 100 pF, 
tdis(CH) 
after CAS high Load = 2 Series 74 TTL gates 












Additional information on these products can be obtained from the factory as it becomes available. 
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switching characteristics over recommended supply voltage range and operating free-air temperature 
range 


ALT. T™4164EQ5-20 
PARAMETER TEST CONDITIONS SYMBOL MIN MAX | UNIT 


: CL = 100 pF, 
t A time f CAS t 
cm aaa i Load = 2 Series 74 TTL gates | cnc fs | 
: tric = MAX, 
t A time from RAS t 
Load = 2 Series 74 TTL gates oe 
ee Output disable time CL = 100 pF, ‘ 
disiCH) after CAS high Load = 2 Series 74 TTL gates OFF 
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timing requirements over recommended supply voltage and operating free-air temperature range 


LT. 
te(P) Page-mode cycle time tpc 
te(rd) Read cycle timet tRC 
te(w) Write cycle time twc 
te(rdW) Read-write/read-modify-write cycle time tRwWC 
twi(CH) Pulse duration S$ high (precharge time)+* tcp 

trp 
WP. 
tT 
AR 


A 
SYMBOL 





UNIT 







130 


60 


2 
285 


10,000 90 10,000 


tw(RH) Pulse duration $ high (precharge time) 
twiRL) Pulse duration, RAS low! tRAS 120 10,000 150 10,000 


tw(W) Write pulse duration t | 40 45 


tsu(CA) Column-address setup time taSC 
tsu(RA) Row-address setup time © tASR 


,CA 

tw(CL Pulse duration, CAS low8 fone 
,RA 
RA 


tsu(D) Data setup time 


tsu(rd) Read-command setup time tRcS 


















CA 45 
ial 25 
i 
— 
RAS hi 
CA 


tsu(WCH) | Write-command setup time before CAS high tCWL 
tsu(WRH) | Write-command setup time before RAS high tRWL 
th(CLCA) | Column-address hold time after CAS low tCAH 

- i 100 


as 
= ae 

Pp 
E20 | 
ae 
Ed 
aes) 
[oe = =| 

| 
‘nw | #0 
won [48 
wea | 80 | 
20 | 

eae 

aera 


tRLCH Delay time, RAS low to CAS high tCSH 


tCHRL Delay time, CAS high to RAS low tcRP 


1 


tCLRH Delay time, CAS low to RAS high tRSH 


Delay time, CAS low to W low 
" (read-modify-write cycle only) 






tCLWL tCwD 


Delay time, RAS low to CAS low 


30 : 
30 
75 E 
20 
45 
20 
tRLCL (maximum value specified only 20 45 


tRCD 









to guarantee access time) 


Delay time, RAS tow to W low 


t 
(read-modify-write cycle only} RWD 


tRLWL 


; Delay time, W low to CAS 
WLCL low (early write cycle) 


trt Refresh time interval 


NOTE 4: Timing measurements are made at the 10% and 90% points of input and clock transitions. In addition, Vj_ max and Vi} min 
must be met at the 10% and 90% points. : 

TAIl cycles times assume ty = 5 ns. 

+Page mode only. 

Sin a read-modify-write cycle, tcLywL and tsu(WCH) Must be observed. Depending on the user's transition times, this may require additional 
CAS low time (tw(CL)). This applies to page mode read-modify-write also. 

{In a read-modify-write cycle, tr WL and tsy(WRH) Must be observed. Depending on the user's transition times, this may require additional 
RAS low time (tw(RL))- 





twcs 


tREF 
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timing requirements over recommended supply voltage range and operating free-air temperature range 


‘RWC 


UNIT 





SYMBOL — 














135 10,000 


jon, CAS hi 
twi(Ct Pulse duration, CAS low we 
tw(RH Pulse duration, RAS high (precharge time) 
ion, RA 


200 10,000 


tw(RL) Pulse duration S$ low! tRAS 
tw(w) Write pulse duration 


tt Transition times (rise and fall) for RAS and C 


tsu(RA) Row-address setup time tASR 
tsu(D) Data setup time 
tsu(rd) Read-command setup time tRCS 


RA AS 
| tsu(WCH) _Write-command setup time before CAS high, tCWL 
“ RAS hi 
A 
A 


tsu(WRH) Write-command setup time before S$ high tRWL 


th(CLCA) _Column-address hold time after CAS low tCAH 
th(RA) Row-address hold time TRAH 


th(WLD) Data hold time after W low tpaw 
{RCH 
wc 


tsu(CA) Column-address setup time tasc 


ALT. 
tec 
tRC 
twc 
tcp 
twp 
tt 
tAR 


th(RLW) Write-command hold time after RAS low twcR 
tRLCH Delay time, RAS low to CAS high tCSH 


tCHRL Delay time, CAS high to RAS low tcrRPe 


tCLRH | _ Delay time, CAS low to RAS high 
Delay time, CAS low to W low 

{read-modify-write cycle only) 

Delay time, RAS low to CAS low 

tRLCL {maximum value specified only 
to guarantee access time) 


TCLWL tcwD 





tRCD 









Delay time, RAS low to W low 
(read-modify-write cycle only) 


‘ Delay time, W low to CAS , 
WLCL low (early write cycle) wee 


trf Refresh time interval 


NOTE 4: Timing measurements are made at the 10% and 90% points of input and clock transitions. In addition, Vj_ max and Vj} min 
must be met at the 10% and 90% points. 

TAN cycles times assume ty = 5 ns. 

+Page mode only. 

5in a read-modify-write cycle, tCLWL 4nd tsy(WCH) Must be observed. Depending on the user’s transition times, this may require additional 
CAS tow time (tw(CL)). This applies to page mode read-modify-write also. 

Jin a read-modify-write cycle, tRLWL 4Nd tsy(WRH) Must be observed. Depending on the user's transition times, this may require additional 
RAS tow time (twiRL))- 


tRWD 


tRLWL 








_ 
Ld 
a 
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PARAMETER MEASUREMENT INFORMATION 


1.31V 

R, = 2200 
OUTPUT 
UNDER 
TEST 


T CL = 100 pF 


FIGURE 1. LOAD CIRCUIT 


- teird) —————————| 
| 


| be st | 


| | | 
le—te ko-—— tcLrH ———>|_ twin) > 








—_—_—_—_l 
1 | = tt 
TAS . I | 
— }*— tsuira) 7 tf — twict —>| 
| be-— tric —| 
thina)—>| aed : | 
soy | — i—tsuica) 1 | 


NEXT CYCLE 
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early write cycle timing 
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write cycle timing 
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t The enable time (ten) for a write cycle is equal in duration to the access time from CAS (ta(c)) in a read cycle; but the active levels at 
the output are invalid. 
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read-write/read-modify-write cycle timing 
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NOTE 6: Aread cycle or a read-modify-write cycle can be intermixed with write cycles as long as read and read-modify-write timing specifications are not violated. 
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NOTE 7: A read or a write cycle can be intermixed with read-modify-write cycles as long as the read and write timing specifications are not violated. 
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RAS-only refresh timing 
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Ti single-in-line package nomenclature 
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Tl 
MODULE 


MEMORY 
DEVICE 


PINOUT 
CONFIGURATION 


BOARD 
DIMENSIONS 


WORD WIDTH 
OUTPUT 





(68,6 x 11,4 mm) Max Access L O°C to 70°C 
(2.7 x 0.45 inches) -12 120 ns 

-—15 150 ns 

-20 200 ns 
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NOVEMBER 1983 — REVISED NOVEMBER 1985 





Dynamic RAM Modules = 


e i i TM4164FL8 . . . L SINGLE-IN-LINE PACKAGEt 
eb bet 2 Organization TM4164FM8 . . . M SINGLE-IN-LINE PACKAGE 
@ Single 5-V Supply (10% Tolerance) (TOP VIEW) 
@ 30-Pin Single-in-Line Package (SIP) Vop (1) 
® Utilizes Eight 64K Dynamic RAMs in Plastic CAS (2) Ey 
Chip Carrier DAI (3) 
AO (4) 
@ Long Refresh Period... 4 ms (256 Cycles) A1 (5) [| 
© All Inputs, Outputs, Clocks Fully TTL Daz (6) 
Compatible A2 (7) 
A3 (8) 
@ 3-State Outputs Vss (9) 
Performance Ranges: DQ3 (10) ==] 
A4 (11)=——< 7] 
ACCESS ACCESS READ AS (12) 
TIME TIME OR pa4 (13) 
ROW COLUMN WRITE 
ADDRESS ADDRESS CYCLE A6 (14) —=<_] 
(MAX) (MAX) (MIN) A7 (15) 
™4164__8-12 120 ns 75 ns 230 ns pas (16) 
T™M4164__8-15 "150 ns 90 ns 260 ns Nct (17) 
T™M4164__8-20 200 ns 135 ns 326 ns NC (18) 
© Common CAS Control for Eight Common NC (19) —=<J [| 
Data-In and Data-Out Lines DQ6é (20) —==_] 
seattle W (21) 
@ Low Power Dissipation: Vsg (22) [| 
OPERATING STANDBY - pa7 (23) 
(TYP) (TYP) NC (24) 
TM4164__ 8-12 1600 mW 140 mW pas (25) 
™4164__ 8-15 1400 mW 140 mW NC (26) 
™4164__ 8-20 1080 mW 140 mW RAS (27) a 
@ Operating Free-Air Temperature . . . 0°C to Nc (28) 
70°C NC (29), 
Vpp (30) —J 
1TM4164FL8 package is shown. 
tPin 17 of the 256K x 8 SIP is memory address A8. 
description 


The ™M4164__8 series are 512K, dynamic 


random-access memory modules organized as PIN NOMENCLATURE 


65,536 x 8-bits in a 30-pin single-in-line AO-A7 Address Inputs 
package comprising eight TMS4164FPL, 65,536 CAS Column-Address Strobe 
X 1-bit dynamic RAM’s in 18-lead plastic chip DQ1-DQa8 Data In/Data Out 
carriers mounted on top of a substrate together NC No Connection 

with eight 0.1 »F decoupling capacitors mounted RAS Row-Address Strobe 
beneath the chip carriers. The onboard Vpp 5-V Supply - 
capacitors eliminate the need for bypassing on Vss Ground 

the motherboard and offer superior performance W Write Enable 





over equivalent leaded capacitors due to reduced 

lead inductance. Also, with 0.3 inch board 

spacing the TM4164_.8 has a density of 8.5 devices per square inch (approximately 3.5X the density of 
of DIPs). With the elimination of bypass capacitors on the motherboard, reduced PC board size, and fewer 
plated-through holes, a cost savings can be realized. 





current as of publication date. Products conform to 
specifications per the terms of Taxas Instruments 
standard bela Production processing does not 
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The TM4164__8 features RAS access times of 120 ns, 150 ns, and 200 ns maximum. Power dissipation 


* as low as 1080 mW typical operating and 140 mW typical standby. 


Refresh period is extended to 4 milliseconds, and during this period each of the 256 rows must be strobed 
with RAS in order to retain data. CAS can remain high during the refresh sequence to conserve power. 


All inputs and outputs, including clocks, are compatible with Series 74 TTL. All address lines and data in 
are latched on chip to simplify system design. Data out is unlatched to allow greater system flexibility. 


The TM4164__8 is rated for operation from O°C to 70°C. 


operation 


sajnpo!- INVH Jweudg “A 


address (AO through A7) 


Sixteen address bits are required to decode 1 of 65,536 storage cell locations on each of the eight chips. 
Eight row-address bits are set up on pins AO through A7 and latched onto the chip by the row-address 
strobe (RAS). Then the eight column-address bits are set up on pins AO through A7 and latched onto the 
chip by the column-address strobes. All addresses must be stable on or before the falling edges of RAS 
and CAS. RAS is similar to a chip enable in that it activates the sense amplifiers as well as the row decoder. 


CAS is used as a chip select activating the column decoder and the input and output buffers for M1-M8. 
write enable (W) 


The read or write mode is selected through the write-enable (W) input. A logic high on the Ww input selects 
the read mode and a logic low selects the write mode. The write-enable terminal can be driven from standard 
TTL circuits without a pull-up resistor. The data inputs are disabled when the read mode is selected. The 
common I/O feature of the TM4164__8 ¢ dictates the use of early write cycles to prevent contention on 
D and Q. When W goes low prior to CAS, the data outs will remain in the high-impedance state for the 
entire cycle permitting common I/O operation. 


data in (DQ.1-DQ8) 


Data is written during a write cycle. The falling edge of CAS or W strobes data into the on-chip data latches. 
These latches can be driven from standard TTL circuits without a pull-up resistor. In the early. write cycle, W 
is brought low prior to CAS and the data is strobed in by CAS with setup and hold times referenced to 
this signal. 


data out (DQ1-DQ8) 


The three-state output buffers. provide direct TTL compatibility (no pull-up resistor required) with a fan 


out of two Series 74 TTL loads for each output. Data out is the same polarity as data in. In a read cycle 
the outputs go active after the access time interval ta(C) that begins with the negative transition of CAS 
as long as ta(R) is satisfied. The outputs become valid after the access time has elapsed and remains valid 
while CAS is low; CAS going high returns it to a high-impedance state. In the early write cycle, the 
outputs are always in the high-impedance state, a necessity due to. the common I/O feature of the 
TM4164_.8. 


refresh 


A refresh operation must be performed at least every four milliseconds to retain data. Since the output 
buffers are in the high-impedance state unless CAS is applied, the RAS-only refresh sequence avoids any 
output during refresh. Strobing each of the 256 row addresses (AO through A7) with RAS causes all bits 
in each row to be refreshed. CAS can remain high (inactive) for this refresh sequence to conserve power. 
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page mode 


Page-mode operation allows effectively faster memory access by keeping the same row address and strobing 
successive column addresses onto the module. Thus, the time required to setup and strobe sequential 
row addresses for the same page is eliminated. To extend id beyond the 256 column locations on M1-M8, 
the row address and RAS are applied to multiple modules. CAS is then decoded to select the proper module. 


power up 
After power up, the power supply must remain at its steady-state value for 1 ms. In addition, RAS must 


remain high for 100 ps immediately prior to initialization. Initialization consists of performing eight RAS 
cycles before proper device operation is achieved. 


single-in-line package and components 


PC substrate: 0,79 mm (0.031 inch) minimum thickness 

Bypass capacitors: Multilayer ceramic 

Leads: Tin/lead solder coated over phosphor-bronze 
Contact area for socketable devices: Nickel plate and solder plate on top of copper 


logic symbolt 


RAM 64Kx8 

AO 20D8/21D0 

Al 

A2 

A3 0 
A4 AG5,535 


AS 
A6 
A7 20D15/21D7 


Dynamic RAM Modules “ 


RAS 


Dai 


DQ2 
DQ3 
Da4 
DQ5 
ba6 
DQ7 
bas 





Tt This symbol is in accordance with ANSI/IEEE Std. 91-1984 and IEC Publication 617-12. 
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functional block diagram 


(4) 


pa2 


SaINPOW WV dlweudg a 
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ba3 


D . 
li Vop_Vss 
A0-A7 


ba4 


Vpo 
Vpp 


Vss 
Vss 
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ee eR NN NT Na ae 
absolute maximum ratings over operating free-air temperature range (unless otherwise noted)T 


Voltage range on any pin except Vpp and data out (see Note 1) ............. -1.5 Vto 10 V 
Voltage range on Vpp supply and data out with respect to VSS .........-5-000s -1Vto BV 
Short circuit output current for any Output ©... 2.2... ec ee ee eee 50 mA 
Power dissipation” «.. ss ce ps eit eh bate eee Eh woe Ce Boe AE HE a a ee Ee ew Fone oboe es 8 W 
Operating free-air temperature range ... 2... . cc ee ee eee teens 0°C to 70°C 
Storage temperature range ..... 2... cece ee eee ee tees iSeries —65°C to 150°C 


tStresses beyond those listed under ‘‘Absolute Maximum Ratings’’ may cause permanent damage to the device. This is a stress rating 
only and functional operation of the device at these or any other conditions beyond those indicated in the ‘‘Recommended Operating 
Conditions” section of this specification is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect 
device reliability. 

NOTE 1: All voltage values in this data sheet are with respect to Vss. 


recommended ——ooreese conditions 


Vpb = san ETE voltage 


Supply voltage 
VIH High-level input voltage 


VIL Low-level input voltage (see Notes 2 and 3) 


TA Operating free-air temperature 





NOTES: 2. The algebraic convention, where the more negative (less positive) limit is designated as minimum, is used in this data sheet for logic 
voltage levels only. 
3. Due to input protection circuitry, the applied voltage may begin to clamp at —0.6 V. Test conditions should comprehend this 
occurrence. See application report entitled ‘‘TMS4164A and TMS4416 Input Protection Diode’’ on page 9-5. 


electrical characteristics over full ranges of recommended operating conditions (unless otherwise noted) 
™4164__8-12 ™M4164__8-15 
PARAMETER TEST CONDITIONS UNIT 
MIN TYPt MAX | MIN  TYPt MAX 


= OVto 5.8 V, oe 5V, 
Input current (leakage) 


‘a other pins = 
Output current (leakage) 










Dynamic RAM Modules * 






Vo = 0.4 V to 5.5 V, 
Vpop = 5 V, 
; CAS high 
ines t Average operating current 
during read or write cycle | All outputs open 
After 1 memory cycle, 


RAS and CAS high, 
All outputs open 

















Iipp2* Standby current 










te = minimum cycle, 
CAS high and RAS cycling, 


All outputs open 







Ipp3* Average refresh current 













te(P) = minimum cycle, 


RAS low and CAS cycling, 






t Average page-mode 
lpp4 





current 


All outputs open 





t Alt typical values are at Ta = 25°C and nominal supply voltages. 
+ Ipp1-lpp4 are measured with M1-M8 in the same mode (i.e., operating, standby, refresh or page mode). 
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electrical characteristics over full ranges of recommended operating conditions (unless otherwise noted) 


™4164__8-20 
PARAMETER TEST CONDITIONS UNIT 
MIN  TyPt MAX 


VOH High-level output voltage lon = -—S mA p24 | vi | 
Vou : 
















Low-level output voltage lol = 4.2 mA a 


Vv 
Vv 
Vi = 0 V to 5.8 V, Vpp=5 V, 
l Input current (leakage) +10 pA 
All other pins = OV 
Vo = 0.4 V to 5.5 V, 
Vop = 5V. +10 yA 
CAS high 
Average operating current te = minimum cycle, 
Ipp1 t mA 
during read or write cycle All outputs open 
After 1 memory cycle, 


RAS and CAS high, 
All outputs open 













lo Output current (leakage) 









Ipp2? Standby current 

























te = minimum cycle, 
CAS high and RAS cycling, 


All outputs open 


Ipp3* Average refresh current 





tc(P) = minimum cycle, 
RAS low and CAS cycling, 
All outputs open 





ince t Average page-mode 
current 





T All typical values are at Ta = 25°C and nominal supply voltages. 
+ tpp1-!pp4 are measured with M1-M8 in the same mode (i.e., operating, standby, refresh or page mode). 


capacitance over recommended supply voltage range and operating free-air temperature range, 
f = 1 MHz 


PARAMETER _ 
Cia) Input capacitance, address inputs 
Ci(pa) Input capacitance, data inputs 


CitRAS Input capacitance, RAS input 
Ciiw . Input capacitance, W input 





CCAS Input capacitance, CAS input 


switching characteristics over recommended supply voltage range and operating free-air temperature 
range 


PARAMETER TEST CONDITIONS 


CL = 100 pF, 
Load = 2 Series 74 TTL gates 


Access time from CAS 


__. | tRLCL = MAX, 
Access time from RAS 


Load = 2 Series 74 TTL gates 


Output disable time CL = 100 pF, 


tdis(CH) — 
after CAS high Load = 2 Series 74 TTL gates 
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switching characteristics over recommended supply voltage range and operating free-air temperature 
range 


'TM4164__8-20 
PARAMETER TEST CONDITIONS eyRnOL | MIN Max | 
A from ag | CL = 190 PFs t 
t ccess time from 
‘a(C) Load = 2 Series 74 TTL gates EAS 
tRLCL = MAX, 
ta(R) Access time from RAS tRAC 
Load = 2 Series 74 TTL gates 


CL = 100 pF, 
tOFF 












Output disable time 





tdis(CH) 






after CAS high Load = 2 Series 74 TTL gates 
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timing requirements over recommended supply voltage range and operating free-air temperature range 


UNIT 









SYMBOL 


te(P) Page-mode cycle time ; tpc 
teird) Read cycle timet 


te(w) Write cycle time 









tw(CH) Pulse duration, CAS high (precharge time)* 


twiCL) Pulse duration, CAS low tCAS 75 10,000 90 10,000 


twiRH) Pulse duration, RAS high (precharge time) 


ww 


120 10,000 150 10,000 


- 
v 


tsu(D) Data setup time 
tsu(rd) Read-command setup time tRcS 


tsu(WCH) Write-command setup time before CAS high tCWL 


P 

+ 
th(RA) Row-address hold time tRAH 
th(RLCA) Column-address hold time after RAS low  taR 


D 
SH 
= 


tsu(WRH) Write-command setup time before RAS high tRWL 
th(CLCA) Column-address hold time after CAS low tCAH 


tRLCH ° Delay time, RAS low to CAS high tCSH 
tCHRL Delay time, CAS high to RAS low tcRp.. 


tCLRe Delay time, CAS low to RAS high 
Delay, time, RAS low to CAS low 


tRLCL (maximum value specified only 







tRCD 





to guarantee access time) 
: Delay time, W low to CAS 
WLCL low (early write cycle) 


tet Refresh time interval 


NOTE 4: Timing measurements are made at the 10% and 90% points of input and clock transitions. In addition, Vj_ max and Vi} min 
must be met at the 10% and 90% points. : 

TAI cycle times assume tt = 5 ns. The specified ty = is due to testing limitations. Transition times may be as little as 3 ns in system use. 

+Ppage mode only. 


twcs 
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timing requirements over recommended supply voltage range and operating free-air temperature range 


ALT. ™M4164__8-20 
UNIT 
SYMBOL 


tC 206 

TRC 

WC 

tc 

(CAS 
, RA 













135 10,000 


200 10,000 


tw(RL) Pulse duration S$ low tRAS 
tw(w) Write pulse duration twp 
tt Transition times (rise and fall) for RAS and CAST T 

tsu(CA) | Column-address setup time tasc 


ic 
i 


th(CLCA) Column-address hold time after CAS low tCAH 






















th(RA) Row-address hold time tRAH 
th(RLCA) Column-address hold time after RAS low taR 


thicLw) | Write-command hold time after CAS low tWCH 
th(RLW) | Write-command hold time after RAS low twWcR 


tRLCH Delay time, RAS low to CAS high tCSH 


; tCHRL Delay time, CAS high to RAS low tcRP 


tCLRH Delay time, CAS low to RAS high 
Delay, time, RAS low to CAS low 


tRECL (maximum value specified only 





tRCD 





to guarantee access time) 


Delay time, W low to CAS 


tWLCL ; twcs 
low (early write cycle) 


trf Refresh time interval 


NOTE 4: Timing measurements are made at the 10% and 90% points of input and clock transitions. In addition, Vj, max and Viy,. min 
must be met at the 10% and 90% points. 

Tall cycle times assume tt = 5 ns. The specified ty = is due to testing limitations. Transition times may be as little as 3 ns in system use. 

tPage mode only. 
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PARAMETER MEASUREMENT INFORMATION 


1.31V 

RL = 2200 
OUTPUT 
UNDER 
TEST 


ih CL = 100 pF 


FIGURE 1. LOAD CIRCUIT 


read cycle timing 
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early write cycle timing 
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NOTE 6: A read cycle or a read-modify-write can be intermixed with write cycles as long as the read and read-modify-write timing specifications are not violated. 
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RAS-only refresh timing 
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Tl single-in-line package nomenclature 


T 4164 


' MEMORY 
DEVICE 


Tl 
MODULE 


PINOUT WORD WIDTH 


OUTPUT 
















VIH 


VIL 


VIH 
VIL 


VIH 


ViL 


VIH 
VIL 


VIH 


VIL 





TEMPERATURE 
RANGE 


L Package — Max Access L 0°C to 70°C” 


(76,2 x 16,5 mm) -—12 120 ns 
(3.1 x. 0.65 inches) —15 150 ns 
M Package -20 200 ns 


(88,9 x 15,24 mm) 
(3.5 x 0.60 inches) 
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@ 262,144 X 4 Organization C SINGLE-IN-LINE PACKAGE 
(TOP VIEW) 
@ Single 5-V Supply (10% Tolerance) 
A8 
@ 22-Pin Single-in-Line Package (SIP) Vop 
® Utilizes Four 256K Dynamic RAMs in Plastic D1 
Chip Carrier Qi 
: CAS 
@ Long Refresh Period... 4 ms (256 Cycles) AT 
@ All Inputs, Outputs, Clocks Fully TTL AS 
Compatible A4 
: D2 
3-State Outputs a2 
Performance Ranges: WwW 
A 
ACCESS ACCESS READ READ- oes 
TIME TIME OR MODIFY- 
ROW COLUMN WRITE WRITE AS 
ADDRESS ADDRESS CYCLE CYCLE Q3 
(MAX) (MAX) (MIN) (MIN) D3 
TM425_EC4-12 120 ns 60ns 230ns 275ns A2 
TM425_EC4-15 150 ns 75ns 260ns 305ns : AO 
TM425_EC4-20 200ns 100ns 330ns 370ns ey 
RAS ” 
© Common CAS Control with Separate Data D4 & 
Input and Output Lines a4 3 
@ Operating Free-Air Temperature . . . 0°C to Vss S 
70°C 
@ Downward Compatible with 64K X 4 Single- = 
in-Line Package (TM4164EC4) Address Inputs feral 
Column-Address Strobe oO 
Data Inputs i= 
con ee No Connection re] 
description Data Outputs c 
The TM425_EC4 is a 1024K, dynamic random- Row-Address Strobe A 
access memory module organized as 262,144 5-V Supply : 
x 4 bits in a 22-pin single-in-line package Ground 
comprising four TMS425_FML, 262,144 x 1 bit Write Enable 





dynamic RAM’s in 18-lead plastic chip carriers 

mounted on top of a substrate together with decoupling capacitors mounted beneath the chip carriers. 
The onboard capacitors eliminate the need for bypassing on the motherboard and offer superior performance 
over equivalent leaded capacitors due to reduced lead inductance. Also, with 0.3 inch board spacing the 
TM425_EC4 has a density of ten devices per square inch (approximately 4X the density of DIPs). With 
the elimination of bypass capacitors on the motherboard, reduced PC board size, and fewer plated-through 
holes, a cost savings can be realized. 


The TM425_EC4 features RAS access times of 120 ns, 150 ns, and 200 ns maximum. Power dissipation as 
low as 900 mW typical operating and 50 mW typical standby. 


"Refresh period is extended to 4 milliseconds, and during this period each of the 256 rows must be strobed 
with RAS in order to retain data. CAS can remain high during the refresh sequence to conserve power. 


All inputs and outputs, including clocks, are compatible with Series 74 TTL. All address lines and data 
in are latched on chip to simplify system design. Data out is unlatched to allow greater system flexibility. 


The TM425_EC4 is rated for operation from O°C to 70°C. 





PRODUCTION DATA documents contain information C Copyright © 1985, Texas Instruments Incorporated _ 

eile as of pabucatins date. rene conform to wy 

specifications per the terms of Texas Instruments ; 

standard warranty. Production processing does not TEXAS = 5-113 
_ necessarily include testing of all parameters. INST RUMENTS 


POST OFFICE BOX 1443 @ HOUSTON, TEXAS 77001 


TM4256EC4, TM4257EC4 
262,144 BY 4-BIT DYNAMIC RAM MODULES 





operation 


sejnpo-=! Wy dweudg , 





5-114 


address (AO duclae A8) 


Eighteen address bits are required to decode 1 of 262,144 storage cell locations on each of the four chips. 
Nine row-address bits are set up on pins AO through A8 and latched onto the chip by the row-address 
strobe (RAS). Then the nine column-address bits are set up on pins AO through A8 and latched onto the 
chip by the column-address strobe. All addresses must be stable on or before the falling edges of RAS 
and CAS. RAS is similar to a chip enable in that it activates the sense amplifiers as well as the row decoder. 

CAS is used as a chip select activating the column decoder and the input and output buffers. 


write enable (W) 


The read or write mode is selected through the write-enable (W) input. A logic high on the W input selects 
the read mode and a logic low selects the write mode. The write-enable terminal can be driven from standard 
TTL circuits without a pull-up resistor. The data inputs are disabled when the read mode is selected. When 
W goes low prior to CAS, the data outs will remain in the high-impedance state for the entire cycle 
permitting common I/O operation. : 


data in (D1-D4) 


Data is written during a write cycle. The falling edge of CAS or W strobes data into the on-chip data latches. 
These latches can be driven from standard TTL circuits without a pull-up resistor. In the early write cycle, 
W is brought low prior to CAS and the data is strobed in by CAS with setup and hold times referenced 
to this signal. 


data out (Q1-Q4) 


The three-state output buffers provide direct TTL compatibility (no pull-up resistor required) with a fan 
out of two Series 74 TTL loads for each output. Data out is the same polarity as data in. The outputs 
are in the high-impedance (floating) state until CAS is brought low. In a read cycle the outputs go active after 
the access time interval ta(c) that begins with the negative transition of CAS as long as ta(R) is satisfied. 
The outputs become valid after the access time has elapsed and remains valid while CAS is low; CAS 
going high returns it to a high-impedance state. In the early write cycle, the outputs are always in the 
high-impedance state. 


refresh 


A refresh operation must be performed at least every four milliseconds to retain data. Since the output 
buffers are in the high-impedance state unless CAS is applied, the RAS-only refresh sequence avoids any 
output during refresh. Strobing each of the 256 row addresses (AO through A7) with RAS causes all bits 
in each row to be refreshed. CAS can remain high (inactive) for this refresh sequence to conserve power. 


CAS-before-RAS refresh : 





' The CAS-before-RAS refresh is utilized by bringing CAS low earlier than RAS (see parameter tcLRL) and 


holding it low after RAS falls (see parameter tRLCHR). For successive CAS-before-RAS refresh cycles, 
CAS can remain low while cycling RAS. The external address is ignored and the refresh address is 
generated internally. 


hidden refresh 


Hidden refresh may be performed while maintaining valid data at the output pin. This is accomplished by 
holding CAS at ViL after a read operation and cycling RAS after a specified precharge period, similar to 
a ‘‘RAS-only”’ refresh cycle. The external address is also ignored during the hidden refresh cycles. 


page mode (TM4256EC4) 


Page-mode operation allows effectively faster memory access by keeping the same row address and strobing 
successive column addresses onto the module. Thus, the time required to setup and strobe sequential 
row addresses for the same page is eliminated. 
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nibble mode (TM4257EC4) 


Nibble-mode operation allows high-speed serial read, write, or read-modify-write access of 1 to 4 bits of 
data. The first bit is accessed in the normal manner with read data coming out at ta(c) time. The next 
sequential nibble bits can be read or written by cycling CAS while RAS remains low. The first bit is 
determined by the row and column addresses, which need to be supplied only for the first access. Column 
A8 and row A8 (CA8, RA8) provide the two binary bits for initial selection of the nibble addresses. 
Thereafter, the falling edge of CAS will access the next bit of the circular 4-bit nibble in the following 
sequence: 


c 0 7 


- In nibble-mode, all normal memory operations (read, write, or ready-modify-write) may be performed in 
any desired combination. 


power up 
To achieve proper device operation, an initial pause of 200 ys is required after power up followed by a 
minimum of eight initialization cycles. . 


single-in-line package and components 





PC substrate: 0,79 mm (0.031 inch) minimum thickness 
Bypass capacitors: Multilayer ceramic 
Leads: Tin/lead solder coated over phosphor-bronze: 


logic symbolt 





RAM 256Kx4 
20D9/21D0 






AO (18) 


Al 
A2 
A3 
Aa 
AS 
AG 
A7 
A8 


” 
2 
= 
no) 
° 
= 
= 
<< 
co 
2 
£ 
© 
¢ 
~ 
ja) 


20D17/21D8 


RAS 
CAS 
a) ae 
D1 Q1 3 
D2 Q2 
D3 Q3 
D4 a4 


TThis symbol is in accordance with ANSI/IEEE Std 91-1984 and 1EC Publication 617-12. 
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functional block diagram 












(18) 
a0 “Ta 
ag 17) 
a3 3) 
ag 2) 
pe 
ag 
ee 
(1) 
AG g [RAM 256Kx1 
—. (19) 
RAS —F) 
CAS 71) 
w 
4 
o1 2) oo 
wo] 
Ss (10) 
D p2 —2 a2 
° 
°) 
2 
= (15) 
io] D3 18) Q3 
: a. 
c 
@ 
“ RAM 256Kx1 
A0-A8 
i] RAS 
= 21 
pg (20) (20) as 
(2) 
VoD 
C1... ARC4 
(22) 
Vss 
Ti 4% 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted) t 


Voltage range for any pin except Vpp and data out (see Note 1) ............. -1.5V to 10 V 
Voltage range on Vpp supply and data out with respect to Vss gaia fe sav ax dca educa tes eae -1Vto7V 
Short circuit output current for any Output ........ 0... 2 ee ee ee ee ees 50 mA 
Power:.dissipation: 2:20:34 0240. eee OAS Mile ae ah As a ed DAMA daa Saintes 4W 
Operating free-air temperature range ...... 0... ee ee eens 0°C to 70°C 
Storage temperature range ....... 0.0. eet ees -—65°C to 150°C 


TStresses beyond those listed under ‘‘Absolute Maximum Ratings’ may cause permanent damage to the device. This is a stress rating 
only and functional operation of the device at these or any other conditions beyond those indicated in the ‘‘Recommended Operating 
Conditions” section of this specification is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect 
device reliability. 

NOTE 1: All voltage values in this data sheet are with respect to Vss. 


recommended operating conditions 


Supply voltage 
Supply voltage 


High-level input voltage 
Low-level input voltage (see Note 2) 
Operating free-air temperature 





NOTE 2: The algebraic convention, where the more negative (less positive) limit is designated as minimum, is used in this data sheet 
for logic voltage !evels only. 


electrical characteristics over full ranges of iocommtenaed operating conditions (unless otherwise noted) 
Denkeneren Ss TM425_EC4-1 TM425_EC4-15 
CONDITIONS min typ? MAX = TYpPt MAX 
Yai - Muneelermn er 
Low-level output voltage i= 4.2 mA “eo 
+10 


other pins = O Vv 
on =0.4V to 5. 5. a) Vv, 
ne Average operating current 
during read or write cycle All outputs open 
After 1 memory cycle, 


Ipp2 Standby current RAS and CAS high, 
; All outputs open 


tc(P) = minimum cycle, 
lpp4 Average page-mode current | RAS low and CAS cycling, 
Ail outputs open 
te(N) = minimum cycle, 


I RAS low and CAS cycling, 
BOS current at 


Average nibble-mode 


‘ te = minimum cycle, 
Ipp3 Average refresh current CAS high and RAS cycling, 
All outputs open 


All outputs open 


Tall typical values are at Ta = 25°C and nominal supply voltages. 
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electrical characteristics over full ranges of recommended operating conditions (unless otherwise noted) 


TEST TM425 _EC4-20 
PARAMETER CONDITIONS 







UNIT 
MIN TyPt MAX 
Vou __ High-level output voltage lon = -5mA 2.4 Vop}| Vv | 
VoL _ Low-level output voltage lo. = 4.2 mA 


Vj = O0Vt06.5V, Vop = BV, 
| | tc t (leakage +10 
| npur current (leakage) Alt other pins = 0 V 
Vo = 0.4 V to 5.5 V, 
ie: - / Suami aaaeeabee) “| yon = iv. EAS high 
Average operating current te = minimum cycle, 2 | ma | 
1 
1 
1 



























RAS and CAS high, 
All outputs open 
te = minimum cycle, 
CAS high and RAS cycling, 
All outputs open 
te(P) = minimum cycle, 
RAS low and CAS cycling, 
All outputs open 
te(N) = minimum cycle, 
RAS low and CAS cycling, 
All outputs open 


Ipp2 Standby current 








Vv 
Vv 
pA 
Ipp1 3 : mA 
during read or write cycle All outputs open 
After 1 memory cycle, 
mA 





Ipo3 Average refresh current 













Ipp4 Average page-mode current 





capacitance over recommended supply voltage range and operating free-air temperature range, 
f = 1 MHz 













1 
80 3 
40 9 
00° 14 

8 2 


Average nibble-mode 





| 
eee current 








TAIl typical values are at Ta = 25°C and nominal supply voltages. 


PARAMETER | min max | unit | 
Cita) Input capacitance, address inputs 28 [pF 
Ciip Input capacitance, data inputs | 28 | FY 
Cras Input capacitance, RAS input | 82 | opr 
Citw . Input capacitance, W input | 32 | pF | 
Ciicas Input capacitance, CAS input | 82 | opr 
Cora Output capacitance, data outputs } 40 {pr 
Co(vDp) Decoupling capacitance | 04 | oF 
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switching characteristics over recommended supply voltage range and operating free-air temperature 
range 


TM425_EC4-12 | TM425_EC4-15 
PARAMETER TEST CONDITIONS = NIT 
[ramen |—_tereonomons | i SYMBOL Per ee ee se | un | 
= 100 pF, 

t Access time from CAS CL 75 

Load = 2 Series 74 TTL gates = 
=M 
ta(R) Access time from RAS *RLCL AX, 
as 2 Series 74 TTL gates 













Output disable time = 100 pF, 


tdis(CH 
isl ) after CAS S high 


me = 2 Series 74 TTL gates 





CL = 100 pF, 
t Access time from CAS 
Load = 2 Series 74 TTL gates 


= MAX, 
ta(R) Access time from RAS *RLCL 
5 2 Series 74 TTL gates 


Output disable time = 100 pF, 
after CAS high oe = 2 Series 74 TTL gates 


tdis(CH) 








| 0 ae] me | 
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timing requirements over recommended supply voltage range and operating free-air temperature range 


ALT. TM425_EC4-12 
= UNIT 
fe pee ieee sed SYMBOL 


te(P) Page-mode cycle time (read or write cycle) tpc - 120 
tc(PM) Page-mode cycle time (read-modify-write cycle) tpcm 


te(rd) Read cycle time 
tc(w) Write cycle time 
te(rdW) Read-write/read-modify-write cycle time tRWC 
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tsu(D} Data setup time tp 
tsu(rd) Read-command setup time . trcs 


‘ Early write-command setup time A 
su(WCL) before CAS low wes 
tsu(WCH) | Write-command setup time before CAS high tCWL 


tsu(WRH) | Write-command setup time before RAS high tRWL 


thiCLCA) | Column-address hold time after CAS tow tCAH 
th(RA Row-address hold time tRAH 


om 
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oe 


Continued next page. 

NOTE 3: Timing measurements are referenced to Vj, max and Viy min. 

TAIl cycle times assume ty = 5 ns. 

tin a read-modify-write cycle, tCLWL 2d tsu(WCH) Must be observed. Depending on the user’s transition times, this may require additional 
CAS low time tw(CL)). This applies to page-mode read-modify-write also. 

Sin a read-modify-write cycle, tRLWL 2nd tsu(WRH) Must be observed. Depending on the user’s transition times, this may require additional 
RAS low time (tw (RL)). 
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timing requirements over recommended supply voltage range and operating free-air temperature range 


(continued) - 

ALT. 
ee eee ee 
- tRLCH Delay time, RAS low to CAS high 
| tcinH _Delaytime, CAS ow to RAS high | StH 


















Delay time, RAS low to CAS low 
tRLCL (maximum value specified only 






to guarantee access time) 





Delay time, RAS low to W low 


t t 
RLWL (read-modify-write cycle only) AWB 


tt Refresh time Interval 


Continued next page. 
NOTE 3: Timing measurements are referenced to Vij_ max and V4 min. 
ICTAS-before-RAS refresh only. 
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timing requirements over recommended supply voltage range and operating free-air temperature range 


(continued) 
7M425_EC4-15 | TM425_EC4-20 



















UNIT 
pee, 


to(p Page-mode cycle time (read or write cycle) 


te(PM) Page-mode cycle time (read-modify-write cycle) au 
te(rd) Read cycle timet 

te(w) Write cycle time 

te(rdW Read-write/read-modify-write cycle time 
‘twiCH)p Pulse duration, CAS high (page mode) 


twiCH Pulse duration, CAS high (non-page mode) 


= 
tCAS 


ae | 305 


10,000 


tw(RH Pulse duration, RAS high eel 


twiRL Pulse duration, RAS tow Bas 150 10,000 200 10,000 
nw Write pulse duration 


Transition times (rise and fall) for RAS and a tAS 
7 CA) Column-address setup time 
tsu(RA) Row-address setup time 
tsu(D) Data setup time 
tsuird) Read-command setup time tRcs 


twiCL Pulse duration, CAS low? 100 10,000 


ace 
taSR 


F Early write-command setup time : 
su(WCL) before TAS low wes 


tsu(WCH) | Write-command setup time before CAS high tCWL 
| tsu(WRH) _Write-command setup time before RAS high tRWL 


thiCLCA) | Column-address hold time after CAS low tCAH 
th(RA Row-address hold time 


aa 
ee 
ee 


“Continued next page. 
NOTE 3: Timing measurements are referenced to Viz max and Vjy min. 
TAIl cycle times assume ty = 5 ns. 
*in ‘a read-modify-write cycle, tc_yt and tsu(WCH) Must be observed. Depending on the user's transition times, this may require additional! 
CAS low time tw(CL)). This applies to page-mode read-modify-write also. 
5in a read-modify-write cycle, tRLWL 4nd tsy(WRH) Must be observed. Depending on the user's transition times, this may require additional 
RAS low time (tw(RL))- 
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timing requirements over recommended supply voltage range and operating free-air temperature range 


(concluded) 


tRLCH 
tCHRL 
tCLRH 
tRLCHR 
tCLRL 
tRHCL 


TCLWL 


tRLCL 


tRLWL 


trf 


Delay time, RAS low to CAS high 
Delay time, CAS high to RAS low 
Delay time, CAS low to RAS high 
Delay time, RAS low to CAS high! 
Delay time, CAS low to RAS low! 
Delay time, RAS high to CAS low! 
Delay time, CAS low to W low 
(read-modify-write cycle only) 
Delay time, RAS low to CAS low 
(maximum value specified only 

to guarantee access time) 

Delay time, RAS low to W low 
(read-modify-write cycle only) 
Refresh time interval 
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SYMBOL 


tRWD 





NOTE 3: Timing measurements are referenced to Vip max and Vj min. 
1CAS-before-RAS refresh only. 


switching characteristics over recommended supply voltage range and operating free-air temperature 


range 





timing requirements over recommended supply voltage range and operating free-air temperature range 








tCLWLN 
tw(CLN) 
twiCHN) 








tw(CRWN) 






tsu(WCHN) 











3 |? | > 
D1] > 
| 


duration, CAS low 
Nibble-mode write command setup 
time before TAS high 


NIBBLE-MODE CYCLE 


: E 
PARAMETER ALT. — |TM4257EC4-12|TM4257EC4-15|TM4257EC420| 
svmao. | win max | Min MAX | MIN MAX | 
ALT. Sea a secs 20 aie 
SYMBOL 


tc(rdWN) __ Nibble-mode read-modify-write cycle time =e a 


tCLRHN _Nibble-mode delay time, TAS low to RAS high Hiway | sof 49 | so 


Nibble-mode delay time, CAS to W delay 
Nibble-mode pulse duration, CAS low 


Nibble-mode pulse duration, CAS high 
Nibble-mode read-modify-write pulse 
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PARAMETER MEASUREMENT INFORMATION 


1.31V 
Rp = 2200 
OUTPUT 
UNDER 
TEST 
CL = 100 pF 


, FIGURE 1. LOAD CIRCUIT 


read cycle timing 
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early write cycle timing 
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write cycle timing 
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tThe enable time (ten) for a write cycle is equal in duration to the access time from CAS (ta(c)) in a read cycle; but the active levels at 
the output are invalid. 





TM4256EC4, TM4257EC4 
262,144 BY 4-BIT DYNAMIC RAM MODULES 





read-write/read-modify-write cycle timing 
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NOTE 4: A write cycle or a read-modify-write cycle can be intermixed with read cycles as long as the write and read-modify write timing specifications are not violated. 
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NOTE 5: A read cycle or a read-modify-write cycle can be intermixed with write cycles as long as read and read-modify-write timing specifications are not violated. 
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NOTE 6: A read or a write cycle can be intermixed with read-modify-write cycles as long as the read and write timing specifications are not violated. 
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nibble-mode write cycle timing 
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automatic (CAS-before-RAS) refresh cycle timing 


ee 
hgiakaiohamens se ne | 








VIH 
RAS 

Vv 

tCLAL fart iC 
tnnci—e—o a | 
| Vin 

CAS 

VIL 

VOH 

Q1-04 H]-Z ec ES 
VoL 
TI single-in-line package nomenclature 


™ 4256 E Cc 4 -15 L 
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Tl MEMORY PINOUT WORD WIDTH TEMPERATURE 
MODULE DEVICE OUTPUT RANGE 
(55,9 x 11,4 mm) ; Max Access LO°C to 70°C 
(2.2 x 0.45 inches) ~12 120 ns a 
~ 15 150 ns 
-— 20 200 ns 
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262,144 X 9 Organization 
Single 5-V Supply (10% Tolerance) 


30-Pin Single-in-Line Package (SIP) 
—Pinned Module for Through-Hole Insertion 
(TM425_EL9) 
. —Leadless Module for Use with Sockets 
(TM425_GU9) 


@ Utilizes Nine 256K Dynamic RAMs in Plastic 
Chip Carrier 


Long Refresh Period . . . 4 ms (256 Cycles) 


All Inputs, Outputs, Clocks Fully TTL 
Compatible 


3-State Outputs 
Performance Ranges: 


ACCESS ACCESS READ 
TIME TIME OR 


ROW COLUMN WRITE 

ADDRESS ADDRESS CYCLE 

(MAX) (MAX) (MIN) 

TM425___9-12 120 ns 60 ns 230 ns 
TM425___9-15 150ns_. 75 ns 260 ns 
TM425___ 9-20 200 ns 100 ns 330 ns 


@® Common CAS Control for Eight Common 
Data-In and Data-Out Lines 


@ Separate CAS Control for One Separate Pair 
of Data-In and Data-Out Lines 


Low Power Dissipation 


Operating Free-Air Temperature .. . O°C to 
70°C 


@ Downward Compatible with 64K X 9 SIP 
(TM4164EL9, TM4164FM9Q) - 


description 


The TM425___9 series are 2304K, dynamic 
random-access memory modules organized as 
262,144 x9 bits [bit nine (D9, Q9) is generally 
used for parity and is controlled by CAS9] in 
a 30-pin single-in-line package comprising nine 
TMS425_FML, 262,144 x 1 bit dynamic RAM’s 
in 18-lead plastic chip carriers mounted on top 
of a substrate together with decoupling 
capacitors mounted beneath the chip carriers. 
The onboard capacitors eliminate the need for 
bypassing on the motherboard and offer superior 
performance over equivalent leaded capacitors 
due to reduced lead inductance. Also, with 0.3 


TM425_EL9 .. . L SINGLE-IN-LINE PACKAGE 
(TOP VIEW) 


Vpp 
CAS 
pai 
AO 
Al 
pa2 
A2 
A3 
Vss 
Da3 
A4 
A5 
DQa4 
A6 
A7 
pas 
A8 
NC 
NC 
Da6 


Vss 
DQ7 
NC 
pas 
ag 
RAS 
CAS9 
D9 
VDD 
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AO-A8 Address Inputs 
CAS, CAS9 Column-Address Strobes 
DQ1-DQ8 Data In/Data Out 


D9 Data In 


No Connection 

Data Out 
Row-Address Strobe 
5-V Supply 

Ground 

Write Enable 
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inch board spacing the TM425___9 has a 
density of ten devices per square inch 
(approximately 4X the density of DIPs). With the 
elimination of bypass capacitors on the 
motherboard, reduced PC board size, and fewer 
plated-through holes, a cost savings can be 
realized. ‘ 


The TM425___9 features RAS access times of 
120 ns, 150 ns, and 200 ns maximum. Power 
dissipation as low as 2025 mW typical operating 
and 115 mW typical standby for 200 ns devices. 


Refresh period is extended to 4 milliseconds, and 
during this period each of the 256 rows must be 
strobed with RAS in order to retain data. CAS 
can remain high during the refresh sequence to 
conserve power. 


All inputs and outputs, including clocks, are 
compatible with Series 74 TTL. All address lines 
and data in are latched on chip to simplify system 
design. Data out is unlatched to allow greater 
system flexibility. , 


The TM425___9 is rated for operation from 0°C 
to 70°C. 


presence detect 


This feature is included on the TM425_GU9 to 
allow for hardware presence detection of the 
memory module. The PRD pin for each module 
in the system should be pulled high through a 
pull-up resistor, resulting in a logic one when no 
module is present. When a module is present, 
PRD is a logic zero as this pin is connected to 
Vss on the module. PRD can only be used to 
detect a modules’ presence, not its functionality. 
In a system not requiring presence detect, it is 
recommended that this pin be left as a no 
connect; this allows the use of either type of 
module without adverse effects. 


operation 
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address (AO through A8) 


Eighteen address bits are required to decode 1 
of 262,144 storage cell locations on each of the 
nine chips. Nine row-address bits are set up on 
pins AO through A8 and latched onto the chip 
by the row-address strobe (RAS). Then the nine 
column-address bits are set up on pins AO 
through A8 and latched onto the chip by the 


TEXAS 


TM425_GU9. . . U SINGLE-IN-LINE PACKAGE 










A0-A8 


D9 
NC 

PRD 
ag 

RAS 
Vppb 
Vss 
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PIN NOMENCLATURE 
TM425_GU9 
CAS, CAS9 
DQ1-DQ8 


{TOP VIEW) 


TELL 








Address Inputs 
Column-Address Strobes 
Data In/Data Out 

Data In 

No Connection 

Presence Detect (Vss) 
Data Out 

Row-Address Strobe 
5-V Supply 
Ground 
Write Enable 
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column-address strobes (CAS for M1 thru M8 and CAS9 for M9). All addresses must be stable on or 
before the falling edges of RAS and CAS. RAS is similar to a chip enable in that it activates the sense 
amplifiers as well as the row decoder. CAS is used as a chip select activating the column decoder and 
the input and output buffers for M1-M8. CAS9Q is used similarly for M9. 


write enable (W) 


The read or write mode is selected through the write-enable (W) input. A logic high on the WwW input selects 
the read mode and a logic low selects the write mode. The write-enable terminal can be driven from standard 
TTL circuits without a pull-up resistor. The data inputs are disabled when the read mode is selected. The 
common I/O feature of the TM425___9 dictates the use of early write cycles to prevent contention on 
D and Q. When W goes low prior to CAS, the data outs will remain in the high-impedance state for the 
entire cycle permitting common |/O operation. 


data in (DQ1-DQ8, D9) 


Data is written during a write cycle. The falling edge of CAS strobes data into the on-chip data latches. 
These latches can be driven from standard TTL circuits without a pull-up resistor. In the early write cycle, 
W is brought low prior to CAS and the data is strobed in by CAS with setup and hold times referenced 
to this signal. 


data out (DQ1-DQ8, D9) 


The three-state output buffers provide direct TTL compatibility (no pull-up resistor required) with a fan 
out of two Series 74 TTL loads for each output. Data out is the same polarity as data in. The outputs 
are in the high-impedance (floating) state until CAS is brought low. In a read d cycle the outputs go active after 
the access time interval ta(c) that begins with the negative transition of CAS as long as ta(R) is satisfied. 
The outputs become valid after the access time has elapsed and remains valid while CAS is low: CAS going 
high returns it to a high-impedance state. In the early write cycle, the outputs are always in the high- 
impedance state, a necessity due to the common |/O feature of the TM425___9. 





refresh 


A refresh operation must be performed at least every four milliseconds to retain data. Since the output 
buffers are in the high-impedance state unless CAS is applied, the RAS- -only refresh sequence avoids any 
output during refresh. Strobing each of the 256 row addresses (AO through A7) with RAS causes all bits 
in each row to be refreshed. CAS can remain high (inactive) for this refresh sequence to conserve power. 


CAS-before-RAS refresh 


The CAS-before-RAS refresh is utilized by bringing CAS low earlier than RAS (see parameter tCLRL) and 
holding it low after RAS falls (see parameter tRLCHR). For successive CAS-before-RAS refresh cycles, 
CAS can remain low while cycling RAS. The external address is ignored and the refresh address is 
generated internally. 


hidden refresh 


Hidden refresh may be performed while maintaining valid data at the output pin. This is accomplished by 
holding CAS at Vi, after a read operation and cycling RAS after a specified precharge period, similar to 
a ‘‘RAS-only”’ refresh cycle. The external address is also ignored during the hidden refresh cycles. 


page-mode (TM4256__9) 





Page-mode operation allows effectively faster memory access by keeping the same row address and strobing 


successive column addresses onto the module. Thus, the time required to setup and strobe sequential 
row addresses for the same page is eliminated. 
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nibble mode (TM4257__9} 


Nibble-mode operation allows high-speed serial read, write, or read-modify-write access of 1 to 4 bits of 
data. The first bit is accessed in the normal manner with read data coming out at ta(c) time. The next 
sequential nibble bits can be read or written by cycling CAS while RAS remains low. The first bit is 
determined by the row and column addresses, which need to be supplied only for the first access. Column 
A8 and row A8 (CA8, RA8) provide the two binary bits for initial selection of the nibble addresses. 
Thereafter, the falling edge of CAS will access the next bit of the circular 4-bit nibble in the following 
sequence: 





ade ET Se 1)———_———_ (1 ,0)—_-————_ > (1,1 — 


In nibble-mode, all normal memory operations (read, write, or ready-modify-write) may be performed in 
any desired combination. 


power up 
To achieve proper operation, an initial pause of 200 ys is required after power up followed by a minimum 
of eight initialization cycles. 

single-in-line package and components 


PC substrate: 0,79 mm (0.031 inch) minimum thickness 

Bypass capacitors: Multilayer ceramic 

Leads: Tin/lead solder coated over phosphor-bronze 

Contact area for socketable devices: Nickel plate and solder plate on top of copper 
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functional block diagram 


(4) 
pe {5) 
Al 
A2 (7) 
A3 (8) 
Aa (11) 

(12) 
AS 
AG (14) 

(15) 
A7 17 
A8 
RAS (27) 
oS 
w 





256Kx1 
AO-A8 





ba2 


0a3 
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0a4 


CAS9 


o9 


VoD 

30 

(9) ae 
Vss 


(22) 
v 
“SS “(24)t 
PRD 


TTM425_GU9 only. 
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SL ET a a TE I a I IY IEEE CTT IES 
absolute maximum ratings over operating free-air temperature range (unless otherwise noted)T 


Voltage range for any pin except Vpp and data out (see Note 1) ............. -1.5Vto 10V 
Voltage range on Vpp supply and data out with respect to VSS .............05. -1Vto7V 
Short circuit output current for any output ....... 0.0... et eee eee 50 mA 
POWER: GISSIPALION | 5 sess. e5 525k ae iste Ged Se ech ee a) ah ee Seeds @ hd Sean Ae was dae aaa 9W 
Operating free-air temperature range ....... 0... ee ee ete ens 0°C to 70°C 
Storage temperature range ......... ce ee ee eee ee ee eee ".. —65°C to 150°C 


TStresses beyond those listed under ‘‘Absolute Maximum Ratings’’ may cause permanent damage to the device. This is a stress rating 
only and functional operation of the device at these or any other conditions beyond those indicated in the ‘‘Recommended Operating 
Conditions” section of this specification is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect 
device reliability. 

NOTE 1: All voltage values in this data sheet are with respect to Vss. 


recommended operating conditions 


a ae 
[Vop__Suppy voltage —SSCSSC~“C~“CS*‘“‘;CSSCTTCdY OT CY 
TEE ar eae ae 
VIH High-level input voltage Vv 


VIL Low-level input voltage (see Note 2) 
Ta 










Operating free-air temperature 





NOTE 2: The algebraic convention, where the more negative (less positive) limit is designated as minimum, is used in this data sheet 
for logic voltage levels only. 


electrical characteristics over full ranges of recommended operating conditions (unless otherwise noted) 


CONDITIONS faa See | MIN TyYPt MAX | a 


Input current (leakage) =O be ewan ae 
ie other pins = OV 
Output current (leakage) ee Oe eee 
= 5 V, CAS high 


Average operating current minimum cycle, 


Ipp1* 
during read or write cycle All outputs open 


te = minimum cycle, 
Ipp3* Average refresh current CAS high and RAS cycling, 

All outputs open 

te(p) = minimum cycle, 


Ippa* Average page-mode current | RAS low and CAS cycling, 
All outputs open 
te(N) = minimum cycle, 


RAS low and CAS cycling, 
All outputs open 


Average nibble-mode 


{ t 
BDp current 





“| After 1 memory cycle, 
Ipp2* = Standby current RAS and CAS high, 
All outputs open 


TAIl typical values are at Ta = 25°C and nominal supply voltages. 
+tpp1-lpps are measured with M1-M@Q in the same mode (i.e., operating, standby, refresh, page mode, nibble mode). 
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electrical characteristics over full ranges of recommended operating conditions (unless otherwise noted) 


PARAMETER TESY | Tma25__.9.20 | 20 UNIT 
CONDITIONS MIN TyPt MAX 


VoH High-level output voltage loH = —SmA 2.4 Vopb 
L Fi 



















Vo Low-level output voltage lo. = 4.2 mA fr O04 | 


Vi = OV to 6.5 V, V =5V, 
lt Input current (leakage) Mi other pins =0'V OB: 
Vo = 0.4 V to 5.5 V, 
lo Output current (leakage) Nes BV mae high +10 
DD = ' 
| t Average operating current te = minimum cycle, 40 2 
DD1 during read or write cycle All outputs open 
2 5 














Ipp2* Standby current 


te = minimum cycle, 
CAS high and RAS cycling, 
All outputs open 
te(P) = minimum cycle, 





Ipp3* Average refresh current 


After 1 memory cycle, 
RAS and CAS high, mA 
All outputs open 
pas] om 
Ipp4* Average page-mode current RAS low and CAS cycling, 225 31 mA 
Al! outputs open 
: : te(N) = minimum cycle, 
Average nibble-mode : 
Ipps* i . ; RAS low and CAS cycling, 198 288 mA 
urren 
All outputs open 


TAII typical values are at Ta = 25°C and nominal supply voltages. 
*lop1-!pps. are measured with M1-M9 in the same mode (i.e., operating, standby, refresh, page mode, nibble mode). 












capacitance over recommended supply voltage range and operating free-air temperature range, 
f = 1 MHz 









PARAMETER 


Cia) Input capacitance, address inputs | pF 
Ci(Da) Input capacitance, data inputs pT pF 
CiiRAS Input capacitance, RAS input 
Ci(w) Input capacitance, W input 


Ciicasg) _ Input capacitance, CAS9 input 


Ci(CAS) Input capacitance, CAS input | 64 | pe 
















































Citpg Input capacitance, D9 input 7 
Co(a9) Output capacitance, Q9 output p10: | 
Co(vpp) _ Decoupling capacitance | 08 | 
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switching characteristics over recommended supply voltage range and operating free-air temperature 
range 


. | tmaz5___9-12 | 9-12 | TM425___9-15 
PARAMETER TEST CONDITIONS Pay ear 
C_ = 100 pF, 
t A time f CAS 
Load a 2 Series bled vTt gates 


Output disable time CL = 100 pF, 


tdis(CH es 
IS(CH) otter CAS high Load = 2 Series 74 TTL gates 










t = MAX, 
ta(R) Access time from RAS ALCL ; 
Load = 2 Series 74 TTL gates 
PARAMETER TEST CONDITIONS eee 
t Access ti f CAS PL 4000s t 
ime from 
a(C) Load = 2 Series 74 TTL gates CAC 


A A F ARE taLcL = MAX, 
a(R) ccess time from RAS . tRAC 
Load = 2 Series 74 TTL gates 
Output disable time CL = 100 pF, é 
tdis(CH) comet : tOFF 35 
after CAS high Load = 2 Series 74 TTL gates 
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timing requirements over recommended supply voltage range and operating free-air temperature range 


ALT. TM425 9-12 
— NIT 
peste toate se ghettos ave ase SYMBOL 
20 


te(P) Page-mode cycle time (read or write cycle) 1 












to(rd) Read cycle timet ee ey 
te(w) Write cycle time = 

tw(CH)P Pulse duration, CAS high (page mode) a anal 
twi(CH Pulse duration, CAS high (non-page mode) 


tw(CL) Pulse duration, CAS low 10,000 
tw(RH) Pulse duration, RAS high (precharge time) | trp | 


tw(RL) Pulse duration, RAS low tas 
twi(w) Write pulse duration 


Transition times (rise and fall) for RAS and CAS os 


tsu(CA) Column-address setup time 
tsu(RA) Row-address setup time 
tsu(D) Data setup time rts _*d 


tsu(rd} Read-command setup time tRCS 


, Early write-command setup time m 
su(WCL) before CAS low wes 
tsu{WCH) _Write-command setup time before CAS high 


tsu(WRH) _ Write-command setup time before RAS high 


thi(CLCA) _ Column-address hold time after CAS tow 
th(RA) Row-address hold time 


th(RLCA) _Column-address hold time after RAS tow 


120 10,000 


og 
LoL Sy] S]] Sy] Pl] > ; 
a fi 
>| 
>| 


thiCLD Data hold time after CAS low | ton | 
th(RLD Data hold time after RAS low | ton | 


th(CHrd) Read-command hold time after CAS high tRCH 


th(RHrd) Read-command hold time after RAS high | trRH | 


thiCLW) Write-command hold time after CAS low tWCH 


thiRLW Write-command hold time after RAS low 
tRLCH Delay time, RAS low to CAS high 
tCHRL Delay time, CAS high to RAS low 
tCLRH Delay time, CAS low to RAS high | trsH | 
tRLCHR _ Delay time, RAS low to CAS high* 
tCLRL Delay time, CAS low to RAS low* 





>| >|] > 
SIS s/s ]5 a a oe es 
Ps) 
di] P| >I 
; 18 el 
D1] > 
>|] > a 
iE lk 


>| 
Ps) 
>} 







tRHCL Delay time, RAS high to CAS low? 
Delay time, RAS low to CAS low 

tRLCL (maximum value specified only tRCD 
to guarantee access time) 

trf Refresh time interval 


NOTE 3: Timing measurements are referenced to Vj max and Viy min. 


TAI cycle times assume ty = 5 ns. 
+CAS-before-RAS refresh only. 
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timing requirements over recommended supply voltage range and operating free-air temperature range 


aa ee et Sian aa 


ALT. 
symeo._[ MIN MAX, 

a 
tc(W) Write cycle time twc 260 | 330 

| 25 


UNIT 












twiCH)p _- Pulse duration, CAS high (page mode) 


twi(CH Pulse-duration, CAS high (non-page mode) tcpn 
twiCL) Pulse duration, CAS low tcAS 75 10,000 100 10,000 
tw(RH Pulse duration, RAS high (precharge time) | 100s 


twi(RL Pulse duration, RAS low 150 10,000 200 10,000 
twi(w) Write pulse duration twp 


tt Transition times {rise and fall) for RAS and CAS 3 tT 










tsu(CA) Column-address setup time tasc 
tsu(RA) Row-address setup time tasR 


tsu(D) Data setup time 





tsu(rd) Read-command setup time’ tRcs 


‘ Early write-command setup time ‘ 
su(WCL) before CAS low wes 


tsu(WCH) _Write-command setup time before CAS high tCWL 
tsu(WRH) _ Write-command setup time before RAS high tRWL 


thiCLCA Column-address hold time after CAS low tCAH 
thi(RA Row-address hold time tRAH 


Pe Oe ee 
PaO —— all 
Pas] 
pe 
Pte. 
[120 
el 
a 


th(RHrd) Read-command hold time after RAS high 


thiCLW Write-command hold time after CAS low tWCH | 450 
thiRLW Write-command hold time after RAS low twcrR 


tRLCH Delay time, RAS low to CAS high tCSH - 


tRHCL Delay time, RAS high to CAS low* 
Delay time, RAS low to CAS low 
tRLCL (maximum value specified only 
to guarantee access time) 
tre Refresh time interval 


tRPC 










tRCD 


4 


45 
75 
30 75 





NOTE 3: Timing measurements are referenced to Vi, max and Vjy min. 
TAII cycle times assume ty = 5 ns. 
. *CAS-before-RAS refresh only. 
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NIBBLE-MODE CYCLE 


switching characteristics over recommended supply voltage range and opsramne free-air temperature 
range 


PARAMETER . ite _9-12 ee _9-15/TM4257_ Na UNIT 
ease 









timing requirements over recommended supply a range and operating free-air temperature range 


PMN aX 9-12 CIN aX 9-15 SMa 9-20 UNIT 
Cake 


te(N) Nibble-mode velen time a to 


tCLWLN Nibble-mode delay time, — S to W delay 


tw(CLN) Nibble-mode pulse duration, CAS tow 
tw(CHN) Nibble-mode pulse duration, CAS high 


. Nibble-mode write command setup 
su(WCHN) time before CAS high 
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PARAMETER MEASUREMENT INFORMATION 


1.31 V 
RL = 2209 
OUTPUT 
UNDER 
TEST 
CL = 100 pF 


FIGURE 1. LOAD CIRCUIT 


read cycle timing 


be te(rd) ——_———+ 
ee twiRL Sy | 
wi(RL) Vin 


| | VIL 


| 

—| le— ty }e———tc_RH——>} Jo— twiRH)->4 
| 
| 





b+ tric —fo— twit) od je tcHat —>| 


sojnpoy INVY olueudg . 
















ke—— tricu 
{ | —+ tt ‘5 
CAS | ! IH 
Vit 
Vin 
ViL 
| I Is th(RHrd) 
| | Jo—el— thicica | | | 
\ 
| —l ; be—tsuieay be " *t— thicHrd) 
7.9.9 = Vin 
oe YX \/ : VIMAANNNA Ny DON'T CARERRRY) 
W SYDONT CAREY NEE DONT CARERS va 


| 
| | -— tdis(CH) 


| VoH 
po oe HI-Z VALID 
| VoL 


}~———tatr) ————> 
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early write cycle timing 


ee ee ee 


| 
| saa | | 
ee cee, Cs 
| VIL 
a [rs be—— tciny————# a Ll 
| le tric. —of H— tua —o| 









































































CAS Vil 
CAS9 | UN Vit 
tsuina) >| | — I$ tsuica) | +—— twice» —— 

I }o——thinLca) —>} | 
thina) eo J thiCLca) rl 
' i= | 3 Vin 
er ZAARAA) URKAAA) 
A0-AS KXXLKKX DON'T CARE YYW Vin 
(] 
_ tsutweL) >I — I | 
| ~———— > tsuiwoH)———> l 
j*—————tsutwrH) > 
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RAS-only refresh timing 
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TI single-in-line package nomenclaturet 


™ 4256 E t 9 -15 L 


Tl WORD WIDTH TEMPERATURE 
MODULE OUTPUT RANGE 









MEMORY PINOUT 





DEVICE 
E Version L Package Max Access L O°C to 70°C 
Pin 24-No Connect (76,2 x 16,5 mm) -12 120 ns 
G Version (3.0 x 0.65 inches) -15 150 ns 
Pin 24-PRD U Package ~20 200 ns 


(88,9 x 16,5 mm) 
(3.5 x 0.65 inches) 


tThe E pinout configuration designator is used when specifying the L package; the G pinout configuration version designator is used when 
specifying the U package. 
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ADVANCE TM4256EQ5, TM4257E05 
INFORMATION : | 262,144 BY 5-BIT DYNAMIC RAM MODULES 


OCTOBER 1985— REVISED NOVEMBER 1985 








© Downward Compatible with 64K X 5 Single- eee 


in-Line Package (TM4164EQ5) 


@ 262,144 X 5 Organization Q SINGLE-IN-LINE PACKAGE 
@ Single 5-V Supply (10% Tolerance) et 
@ 24-Pin Single-in-Line Package (SIP) A8 
Vv 
@ Utilizes Five 256K Dynamic RAMs in Plastic a 
Chip Carrier ; a1 
@ Long Refresh Period . . . 4 ms (256 cycles) CAS 
A7 
@ All Inputs, Outputs, Clocks Fully TTL AS 
Compatible ‘ Ad 
@ 3-State Outputs D2 
@ Performance Ranges: = 
ACCESS ACCESS READ _READ- Al 
TIME TIME OR MODIFY- A3 
ROW COLUMN WRITE WRITE AG 
ADDRESS ADDRESS CYCLE CYCLE 
(MAX) (MAX) (MIN) (MIN) Q3 
TM425_EQ5-12 120 ns. 60 ns 230ns 275ns D3 
TM425_EQ5-15 150ns 75ns 260ns 305ns A2 
TM425_EQ5-20 200ns 100ns 330ns 370ns AO 
@ Common CAS Control with Separate RAS o 
Data-Input and Output Lines D4 Ss 
whe Q4 TS 
@ Low Power Dissipation: Vss Ss 
OPERATING STANDBY DS 
(TYP) (TYP) as = 
TM425_EQ5-12 1625 mW 65 mW rg 
TM425_E€Q5-15 1375 mW 65 mW [a a 
TM425_EQ5-20 1125 mW 65 mW oO 
@ Operating Free-Air Temperature ...0O°C to Address Inputs £ 
70°C CAS Column-Address Strobe & 
> 
a 


No Connection 


Data Outputs 
Row-Address Strobe 


description 





5-V Supply 
The TM425_EQ5 is a 1280K, dynamic random- Ground 
access memory module organized as 262,144 Write Enable 


x 5 bits in a 24-pin single-in-line package 

comprising five TMS425_FML, 262,144 x 1 bit dynamic RAM’s in 18-lead plastic chip carriers mounted 
on top of a substrate together with five 0.1 uF decoupling capacitors mounted beneath the chip carriers. 
The onboard capacitors eliminate the need for bypassing on the motherboard and offer superior performance 
over equivalent leaded capacitors due to reduced lead inductance. Also, with 0.3 inch board spacing the 
TM425_EQS has a density of ten devices per square inch (approximately 4X the density of DIPs). With 
the elimination of bypass capacitors on the motherboard, reduced PC board size, and fewer plated-through 
holes, a cost savings can be realized. 


The TM425_EQ5 features RAS access times of 120 ns, 150 ns, and 200 ns maximum. Power dissipation 
as low as 1125 mW typical operating and 65 mW typical standby. 


Refresh period is extended to 4 milliseconds, and during this period each of the 256 rows must be strobed 
with RAS in order to retain data. CAS can remain high during the refresh sequence to conserve power. 
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All inputs and outputs, including clocks, are compatible with Series 74 TTL. All address lines and data 
in are latched on chip to simplify system design. Data out is unlatched to allow greater system flexibility. 


The TM425_EQS is rated for operation from O°C to 70°C. 


operation 


sainpo-W Wy oiweudg - 


address (AO through A8) 


Eight address bits are required to decode 1 of 262,144 storage cell locations on each of the five chips. 
Nine row-address bits are set up on pins AO through A8 and latched onto the chip by the row-address 
strobe (RAS). Then the nine column-address bits are set up on pins AO through A8 and latched onto the 
chip by the column-address strobe. All addresses must be stable on or before the falling edges of RAS 
and CAS. RAS. is similar to a chip enable in that it activates the sense amplifiers as well as the row decoder. 


CAS is used as a chip select activating the column decoder and the input and output buffers. 
write enable (W) 


The read or write mode is selected through the write-enable (W) input. A logic high on the W input selects 
the read mode and a logic low selects the write mode. The write-enable terminal can be driven from standard 
TTL circuits without a pull-up resistor. The data inputs are disabled when the read mode is selected. When 
W goes low prior to CAS, the data-outs will remain in the high-impedance state for the entire cycle 
permitting common I/O operation. 


data-in (D1-D5) 





Data is written during a write or read-modify-write cycle. Depending on the mode of operation, the falling 
edge of CAS or W strobes data into the on-chip data latches. These latches can be driven from standard 
TTL circuits without a pull-up resistor. In the early write cycle, W is brought low prior to CAS and the data is 
strobed in by CAS with setup and hold times referenced to this signal. In a delayed-write or read-modify- 
write cycle, CAS will already be low, thus the data will be strobed in by W with setup and hold times 


referenced to this signal. ° 
data-out (01-05) 


The three-state output buffers provide direct TTL compatibility (no pull-up resistor required) with a fan 
out of two Series 74 TTL loads for each output. Data out is the same polarity as data in. The outputs 
are in the high-impedance (floating) state until CAS is brought low. In a read d cycle the outputs go active after 
the access time interval ta(c) that begins with the negative transition of CAS as long as S ta(R) is satisfied. 
The outputs become valid after the access time has elapsed and remain valid while CAS is low; CAS 
going high returns it to a high-impedance state. In the early write cycle, the outputs are always in the 
high-impedance state. In a delayed-write or read-modify-write cycle, the outputs will follow the sequence 
for the read cycle. 


refresh 


A refresh operation must be performed at least every four milliseconds to retain data. Since the output 
buffers are in the high-impedance state unless CAS is applied, the RAS-only refresh sequence avoids any 
output during refresh. Strobing each of the 256 row addresses (AO through A7) with RAS causes all bits 
in each row to be refreshed. CAS can remain high (inactive) for this refresh sequence to conserve power. 


CAS-before-RAS refresh 


The CAS-before-RAS refresh is utilized by bringing CAS low earlier than RAS (see parameter tcLRL) and 
holding it low after RAS falls (see € parameter tRLCHR). For successive CAS-before-RAS refresh cycles, 
CAS can remain low while cycling RAS. The external address is ignored and the refresh address is generated 
internally. 
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hidden refresh 

Hidden refresh may be performed while maintaining valid data at the output pin. This is accomplished by 
holding CAS at Vi, after a read operation and cycling RAS after a specified precharge period, similar to 
a ‘’RAS-only”’ refresh cycle. The external address is also ignored during the hidden refresh cycles. 
page-mode (TM4256EQ5) . 

Page-mode operation allows effectively faster memory access by keeping the same row address and strobing 
successive column addresses onto the module. Thus, the time required to setup and strobe sequential 
row addresses for the same page is eliminated. To extend beyond the 256 column locations on a single 
module, the row address and RAS are applied to multiple modules. CAS is then decoded to select the 
proper module. 

nibble mode (TM4257EQ5) 

Nibble-mode operation allows high-speed serial read, write, or read-modify-write access of 1 to 4 bits of 
data. The first bit is accessed in the normal manner with read data coming out at ta(C) time. The next 
sequential nibble bits can be read or written by cycling CAS while RAS remains low. The first bit is 
determined by the row and column addresses, which need to be supplied only for the first access. Column 
A8 and row A8 (CA8, RA8) provide the two binary bits for initial selection of the nibble addresses. 
Thereafter, the falling edge of CAS will access the next bit of the circular 4-bit nibble in the following 


sequence: - . 
po lO 1)-—————> (1,0) —______—_—————(1 M- 


In nibble-mode, all normal memory operations (read, write, or read-modify-write) may be performed in any 
desired combination. 











power up 
To achieve proper device operation, an initial pause of 200 us is required after power up followed by a 
minimum of eight initialization cycles. 

single-in-line package and components 


PC substrate: 0,79 mm (0.031 inch) minimum thickness 
Bypass capacitors: Multilayer ceramic 
Leads: Tin/lead solder coated over phosphor-bronze 
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logic symbol 






functional block diagram 
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(18) 
RAM 256Kx5 caarern 
AO 20D9/21D0 MS 
A2 
Al a (13) 
A2 ag 2) 
A3 ger 
A4 Ae (14) 
AS ape 
AG A8 2 RAM 256Kx1 
x 
A7 = (19) 9 
A8 — 5) 
CAS 
— (11) 
Ww 
4 
RAS p1 2! at 
CA 
Ww 
D1 Q1 
b2 a2 (9) 110) 
D3 03 D2 a2 
D4 Q4 
DS Q5 
tThis symbol is in accordance with ANSI/IEEE Std 91-1984 and 
IEC Publication 617-12. 
ina (16) (15) 03 
avi (20) (21) 04 
2 24 
os 23) (24) os 
(2) 
Vppb 
Cleese cs 
(22) 0.1 uF 0.1 uF 
Vss 
wy 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)T 


Voltage range for any pin except Vpp and data out (see Note 1) ............. -1.5Vto 10 V 
Voltage range on Vpp supply and data out with respect to VSS .............06- -1Vto6V 
Short circuit output current for any output .... 1... ee eens 50 mA 
POWP<GISSIPATION? Se. 52525. S tek Reet Walon Oe Bi sed haa Pacer ateg ea Be BREEN EA ES 5 W 
Operating free-air temperature range ......... ccc ee ee ee eee ees 0°C to 70°C 
Storage temperature range ........ 00. eee eee teens -—65°C to 150°C 


tStresses beyond those listed under ‘Absolute Maximum Ratings’ may cause permanent damage to the device. This is a stress rating 
only and functional operation of the device at these or any other conditions beyond those indicated in the ‘‘Recommended Operating 
Conditions” section of this specification is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect 
device reliability. 

NOTE 1: Al! voltage values in this data sheet are with respect to Vss. 


recommended operating conditions 


Supply voltage 
Supply voltage 


High-level input voltage 
Low-level input voltage (see Note 2) 
TA Operating free-air temperature 





NOTE 2: The algebraic convention, where the more neaptlve {less positive) limit is designated as minimum, is used in this data sheet 
for logic voltage levels only. 


electrical characteristics over full ranges of recommended operating conditions (unless otherwise noted) 


TEST 
PARAMETER CONDITIONS 


you High-level output voltage loH = —5mA 
Low-level output voltage oh 4.2 mA 


=OVt0o 6.5 V, V 
Input current (leakage) eal 
" other pins = 
oe =0.4V to 5.5V, 
! Output current (leakage) 
= 5 V, CAS high 

Average operating current minimum cycle, 
during read or write cycle a outputs open 


After 1 memory cycle, 


Ipp2 Standby current RAS and CAS high, 
All outputs open 


te = minimum cycle, 
Ipp3 Average refresh current CAS high and RAS cycling, 
All outputs open 
te(P) = Minimum cycle, 
Ipp4 Average page-mode current | RAS low and CAS cycling, 
; All outputs open 
A te(N) = minimum cycle, 
Average nibble-mode © 
Ipp5 2 RAS low and CAS cycling, 
current 
if outputs open 


rf 





TAI typical values are at Ta = 25°C and nominal supply voltages. 
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electrical characteristics over full ranges of recommended operating conditions (unless otherwise noted). 


CONDITIONS 
2.4 Vop 
= 42 mA 


Input current (leakage) = ONE Ve VDD 
a other pins = OV 
= 0.4Vto 5.5V, 
Output current (leakage) a0 5 V, CAS high 


; Average operating current = minimum cycle, 
DD1 during read or write cycle A Outputs open 


After 1 memory cycle, 
RAS and CAS high, 
All outputs open 
te = minimum cycle, 
CAS high and RAS cycling, 
All outputs open 
te(p) = minimum cycle, 
RAS low and CAS cycling, 
All outputs open 
te(N) = minimum cycle, 
RAS low and CAS cycling, 
All outputs open 



















Ipp2 Standby current 





















Ipp3 Average refresh current 











Ipp4 Average page-mode current 










Average nibble-mode 


I 
ODS current 






tall typical values are at Ta = 25°C and nominal supply voltages. 


capacitance over recommended supply voltage range and operating free-air temperature range, 
f = 1 MHz 


: PARAMETER 
Cita) Input capacitance, address inputs 
Ci(D) Input capacitance, data inputs 
CiiRAS) Input capacitance, RAS input 
Ci(w) Input capacitance, W input 


Ci(CAs} _ Input capacitance, CAS input 
Co(Q) Output capacitance, data outputs 
Co(VDD Decoupling capacitance 
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switching characteristics over recommended supply voltage range and operating free-air temperature 
range 


Teas. £0812 _EQ5-12 a eT _EQ5-15 
PAR ER TEST CONDITION UNIT 
CL = 100 pF, 
t Acc time from CAS 5 
Load = 2 Series 74 TTL gates 
tRLCL = MAX, 
A f RAS 
ta(R) cones Hee rom 5 2 Series 74 TTL gates 

















Output disable time = 100 pF, 
after CAS high 


TM425_EQ5-20 
PARAMETER TEST CONDITIONS Stas a UNIT 
Ci = 100 pF, 
ta(C) Access time from CAS L ae tCAC 
Load = 2 Series 74 TTL gates 
: tRLCL = MAX, 
t Acc time from RAS t 
Load = 2 Series 74 TTL gates RAC 
oe Output disable time Cy = 100 pF, 
dis(CH t 
SICH) ter CAS high Load = 2 Series 74 TTL gates OFF 


tdis(CH) 


a = 2 Series 74 TTL gates 
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tw(CH) Pulse duration, CAS high {(non-page mode) 
egies Rash ee 
, twP 
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timing requirements over recommended supply voltage range and operating free-air temperature range 
ALT. 1M425_E£Q5-12 
SYMBOL 
tp 
tPCM 





UNIT 






te(P) Page-mode cycle time (read or write cycle) 
tc(PM) Page-mode cycle time (read-modify-write cycle) 
te(rd) Read cycle time? 

te(w) Write cycle time 


> 

pe) 

ie) 
NO 
w 
°o 


_ 
tO 
{o] 


Ww 
tRWC 


a 
ie) 

N 

Ww 


nN 
> ~ 


te(rdW) Read-write/read-modify-write cycle time 


twiCH)P Pulse duration, CAS high (page mode) 


- 
QO 
Uv 


Transition times (rise and fall) for RAS and CAS 
tsu(CA) Column-address setup time 


nad 
rad 


tasc 


tsu(RA) Row-address setup time tASR 


tsu(D) Data setup time 







tsu(rd) Read-command setup time trcs 


‘ Early write-command setup time : : 
su(WCL) before CAS low wcs 


tsu(WCH) __Write-command setup time before CAS high tCWL.- 


tRWL ; 


tCAH 
tRAH 


tsu(WRH) | Write-command setup time before RAS high 


thiCLCA) _ Column-address hold time after CAS low 
th(RA) Row-address hold time 


th(RLCA) _Column-address hold time after RAS low 
th(CLD) Data hold time after CAS low 


W 
oi 


tDHC 
tDHR 
toHW 
tRCH 

tRRH 

tWCH 
tWCR 


thiRLD) Data hold time after RAS tow 

thiWLD) _ Data hold time after W low 

thiCHrd) ___Read-command hold time after CAS high 
th(RHrd) Read-command hold time after RAS high 
thicLw) __ Write-command hold time after CAS low 
th(RLW) | Write-command hold time after RAS low 


fad 


Continued next page. 

NOTE 3: Timing measurements are referenced to Vi_ max and Vyy min. 

TAll cycle times assume tt = 5 ns. 

*In a read-modify-write cycle, tcLw_ and tsu(WCH) must be observed. Depending on the user’s transition times, this may require additional 
CAS low time tw(ct)). This applies to page-mode read-modify-write also. 


3In a read-modify-write cycle, tRLWL 4nd tgy(WRH) Must be observed. Depending on the user's transition times, this may require additional 
RAS tow time (tw RL))- 
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timing requirements over recommended supply voltage range and operating free-air temperature range 


(continued) 

tCLRH Delay time, CAS low to RAS high rte 
tRLCHR Delay time, RAS low to CAS high! 
tCLRL Delay time, TAS low to RAS low! 
tRHCL Delay time, RAS high to CAS low! 


; Delay time, CAS low to W low ‘ 
CLWL (read-modify-write cycle only) CwD 
+s 












>|! > 
if P) 
pl | > 











Delay time, RAS low to CAS low 
tRLCL (maximum value specified only 






to guarantee access time) 







Delay time, RAS low to W low 






t t 
RLWL (read-modify-write cycle only) RWD 
Refresh time interval 





Continued next page. 
NOTE 3: Timing measurements are referenced to Vj, max and Vjy min. 


ICAS-before-RAS refresh only. 
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timing requirements over recommended supply voltage range and operating free-air temperature range 









(continued) , 
ALT. TM425_EQ5-15 | TM425_EQ5-20 UNIT 
SYMBOL [MIN MAX, 
te(P Page-mode cycle time (read or write cycle) . tpc 


=r 
tac 
Sc 
se 
tcp 
CPN 
twiCL) Pulse duration, CAS low? tCAS 


twiRL) Pulse duration, RAS low$ as 
tw(W) Write pulse duration " tue 


tt Transition times (rise and fall) for RAS and CAS tT 
tsu(CA) _Column-address setup time tasc 


75 10,000 100 10,000 


150 10,000 200 10,000 


tsu(RA) Row-address setup time tASR 
tsu(D) Data setup time 

tsu(rd) Read-command setup time tRCS 

Early write-command setup time 

*su(WCL) before TAS low twcs 
tsu(WCH) _Write-command setup time before CAS high tCWL 
tsu(WRH) _Write-command setup time before RAS high tRWL 
thiCLCA) _Column-address hold time after CAS low tCAH 
th(RA) Row-address hold time tRAH 


=r 
aa 
ie 


Continued next page. 

NOTE 3: Timing measurements are referenced to Vj, max and Viy min. 

Tall cycle times assume te = 5ns. 

*In a read-modify-write cycle, tCLWL 2nd tsu(WCH) must be observed. Depending on the user's transition times, this may require additional 
CAS low time tw(CL)). This applies to page-mode read-modify-write also. : ; 

Sin a read-modify-write cycle, tRLWL 8nd tsu(WRH) must be observed. Depending on the user’s transition times, this may require additional — 
RAS low time (tw(RL))- : 


120 
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timing requirements over recommended supply voltage range and operating free-air temperature range 


(concluded) 
ALT. TM425_EQ5-15 | TM425_£05-20 | |. 
SYMBOL 


tRLCH Delay time, RAS low to CAS high 
tCHRL Detay time, CAS high to RAS low 


tCLRH Delay time, CAS low to RAS high 


tRLCHR Delay time, RAS low to CAS high! 


tCLRL__Delay time, CAS low to RAS low! 
tRHCL __Delay time, RAS high to CAS low! 


ae Delay time, CAS low to W low 
(read-modify-write cycle only) 
Delay time, RAS low to CAS low see 0 
tRLCL (maximum value specified only tRCD 
to guarantee access time) 


Delay time, RAS low to W low 
(read-modify-write cycle only) 


tre Refresh time interval | tree 


tRLWL tRWD 





NOTE 3: Timing measurements are referenced to Vij max and Vij min. 


{CAS-before-RAS refresh only. 


NIBBLE-MODE CYCLE 


switching characteristics over recommended supply voltage range and operating free-air fempeams 
range 


ame a 2 cos 15|TM4257EQ5-20 
UNIT 
PARAMETER ie rm ey 


ta(CN) Nibble-mode access time from CAS tNCAC a 


timing requirements over recommended supply voltage range and operating free-air temperature range 


ALT. }4257EQ5-12|TM4257EO5-15 M4257E05-20 UNIT 
symeot_[ MIN MAX | MIN MAX | MIN MAX | 


tein) ___Nibble-mode oyele time ae ae 
telraWii)_Nibble-mode read-modify-wite cycle ume | twamw | 68 | Tos + ‘130 
30 


tCLRHN Nibble-mode delay time, CAS low to RAS high | tnrsH | 
tcCLWLN ___Nibble-mode delay time, CAS to W delay tNCWD 


tw(CLN) Nibble-mode pulse duration, CAS low 



















EH 
+ 
2 
ie) 
> 
n 







‘ Nibble-mode read-modify-write pulse 
CRWN t 
™ ) duration, CAS low NCRW 


: Nibble-mode write command setup F 
su(WCHN) time before CAS high NCWL 
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PARAMETER MEASUREMENT INFORMATION 


1.31V 
RL = 2202 
OUTPUT : 
UNDER — 
TEST 


T C = 100 pF 


FIGURE 1. LOAD CIRCUIT 


read cycle timing 












| | 4 | 
\o) as 
< tw(RL) Vin 
4 RAS . 
S | | | VIL 
=. —| le— tt ko——tctrH——*{_ fo twin) > 
5. | ~— tRLCL—*4¢—_. tw(cL)——t ~~ tCHRL —>| 
> | }e—— traicu—————! ;_! 
! | —+! tr 
= ar I VIH 
2 CAS 7 | ve 
’ i 
© —| }*—tsuira) | \ sa a twiCH) | 
= | le-— tira) —o | 
= tray] be— ; | 
“ | | | —o| S tsu(CA) rt 
RAIS ViH 
A0-A8 XX) 'T CAR 
° - < arava ava’ VIL 
| I I | thiRHrd) 
| | be—el- thicica) | | 
( 
| —e be tguira be} thictira) 
VAAAAAAAAAAA/ VIH 
w Keone me i : 
BMI INI ss ENE EN ey IL 
] | 
| 


| | rl tdis(CH) 


| VOH 
01-05 HI-Z VALID , 
| . ~ VoL 


}e— tar) —_—_——+| 
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early write cycle timing 


—_————___— tw) 2 





















































































| | 
| *#———— twirt, ———4 | | 
RAS , | Vin 
K 
| sal ViL 
— ok je twiRH) 
t 
| — curr ——}! 
— tALCL—>| — tcHr.—>} 
| -#———— trtcu : 
be——— twicL) ——>4 ViH 
mT | 
| Vit 
tsuinarte—oy | —l f+ tsuica) | #——— twicH} ——>} 
1 fe—<tniatca) —>} | 
th(RA)—-e—o | jo-—ey- th(CLCA) 5 | 
! ‘ 
v 
(AAAAA? (AAAAA lH 
A0-A8 x WKLY DON’T CARE OOOO) NEXT CYCLE ~ - 
twic. —> -— 1 | = 
| be————tsuiwon}———e]_ E 
+ tsutwr) ——> co) 
|-—__—+ th(RLW) = 
ee en eS s 
W RYKOON'T CARE RA RYNYN DON'T. CARE ONY 
AAA DON'T CARE ON | | ESAXXXY) DONT CARE YUXXX ii = 
om 
| —_ om © 
| l : S 
| be— tnicLp) —>} G 
be thir.) ———+ J 
: xX AA Wt Po 50505050. BAXYXY 7 ,9,8,¥, 7,0 .¥ 4,9 Fae POON Vin Q 
DI-D5 YXXX DON'T CARE XXX VALID DATA RXXXXRXY DON'T CARE 8 T CARE QQ 
‘ 
he tsu(D) 
VOH 
Q1-05 THD = Zea ee 
VoL 
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write cycle timing 


}_-—_—_—_$___—_—_— tw) >| 

| 

7 — a ! | 
| 


BKS an 
| | { VIL 
—>| tote ; tCLRH ; [o ‘wiRH) ae | 
| he—tric. —> he— tour —o 
| jp! — truce ——__-»} I! 
twiCL) 4 Vi 
TAS 1] ; 
1 | ViL 
tsu(ra) fem | —* I tsuical fe el 


1 }o—— thintcay—>4 el tet, 




















































|g | thiRA) a aa | lLe—o}- thiCLCA) | | | 
' o ‘VIH 
AO-AB XXXXXX) NEXT CYCLE 
VIL 
g | 1 ko—tsuiweoH)—ey 
=| | }e—— tsu{WRH)——} 
5 th(RLW) —_—_—>| { 
, 
bo—tnicLw) ao ' 
o 0 OOO ORRR DONT CARE RO ia 
et) XXX DONT CARE YX BOXXX OXKKXX) Vi 
> | | cca tw(W) { 
Ss 1) f@thiwep) > | 
= 1! 1 | 
9 | 
CRAP RAAAARARARAARAARAAA VIH 
£ D1-D5 WQS DON'T CAREQRRERX VALID DATA 
=~ 10.010.0.0.0. AS SXXXK) 
® ViL 


V1 
=a f*—tsuiD) 
— tent —>| joel tuisicH) 


VOH 


VoL 


Q1-05 





TThe enable time (te,) for a write cycle is equal in duration to the access time from CAS (taic)) in a read cycle; but the active levels at 
the output are invalid. 
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read-write/read-modify-write cycle timing 


SSS te(\dW) >| 
—————— tw(RL) > Vin 


RAS | | 


| Vit 
-| bo te }-———-——— ‘cian ———o hee twin) 
| *RLCL ———}g tw cL) ——_>} [e— trie. —| 
| tric el I ee 





























CAS 1 | 
| | | VIL 
1 
l-—— trica) +1 —el a twicHi —>| 
| fot tinal thiCLCA) | 
—o} be teunai! le tsutca) ll v 
¥,9,9,9.9,9.9,9,9,9,9,9,9,9,9,0,9,0,9,9,0,9,0,0,0,9,9,9,0,9,0,9, IH 
A0-A8 RRR RRRARY DONT CARE RRRRRROOOR 
RRR a an enn ARR KR ELK RLY i 
| tsutra)—fo->| | le—tsuiwcH—o II 
| \ [> — tsuwrny—* 
| | l 
Vin 
Ww 
VIL 
soe rennanananentarstes YEYYYYRRRRRRORRRA XX) OUI 
‘i SOOO er ee x vi L 
| | l A | 
l l Je thiwep) -—+ tdis(CH) 
| | VOH 
01-05 : VALID DATA 
| | VoL 
n 7 
| e————— ta(c) > 
j~——____—- tar) 
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page-mode read cycle t 
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ae VIH 
CAS 
| | | | ViL 
tunai-tef “1 le th(CLCA) ! | = thiCLca) | | L._—s- thiCLCa) | | 
| }— thirLca)—>| | | | | I} | | | 
| ; I I ; | | Lt 
aaa a tsu(RA) >| 4 ray l —he tsu(CA) , tsu(CA) | | | 
: \ 
TO AY AY oe xX (XXX) om cou A R 45 ra areeee’ CXXKAKAKAR AL OY Vin 
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-tsu(D) +— | = bt tsu(D) -o| , 
ly | l | | 
| | 
ORKXKKARARRARARRRRS VIH 
D1-D5 | XX DON'T. CARE Wy 





3 rf J . § 
| | fea 
l thiCLD) thiCLD) thiCLD) 
}e—— thro —_| | 


NOTE 5: A read cycle or a read-modify-write cycle can be intermixed with write cycles as long as read and read-modify-write timing specifications are not violated. 
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NOTE 6: A read or a write cycle can be intermixed with read-modify-write cycles as long as the read and write timing specifications are not violated. 
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nibble-mode read cycle timing 
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RAS-only refresh cycle timing 


—— 
| twiRL) —twirt)—el 
ae 


beet tour =a le—tRHCL ate 
a I 


KKXK KK KKK 
ROY 
Oy 


2 
























@ RRYYY DON'T CARE Ny) 
Rayne eRXY 
‘ V 
Q1-05 HI-Z on 
VoL 
hidden refresh cycle timing 
; [+ Memory CYCLE ——o }o—— REFRESH CYCLE——> 
Sy | reas CYCLE —— | 
2. l Naas eee Poe fe | 
| 
a | | | | Vin 
> RAS 
s | | | Vit 
2 1 | | | 'RLCHR  +¢——_» 
r=} 1] i tw(CL) + V 
Sas ae 
c . CAS | | ov 
_ IL 
8 tsu{RA)—> 












644 0.004,0 00000 00000.000000000000008 
RAK 
BIN KK KK RK KX KX XK X NX 


\AAAAAAAAAAYS 
OOK KKK) 
KKK KK 





ViH 
PY KKKKXKKKKKKKKKK 
¢,6.6,0.0.6.0.0.0.0.0.0.0.0.0.0.00 
PPG PPO WP VOIP O HOO Vit 
| 
| 


PRAIA A AA PO Vin 
06,9,0.0.0.0.0.0.9.0.0,9.0.0.0.0.0.0.0.0.0 § DON'T CARERSXRRN 0,9,0,0,0.0,0, 0.0.0 00.0000 0~ 
SOOO OO OO OOOO DON'T CAREVLQOYYOO YY. KYO OY) 

Y RPK KXLY KKY ALANA AXKXXEXKEX KARE RS pp 


le tdis(CH) | | : 


OH 
Q1-05 VALID DATA 
; VoL 


Yes 0:0.6:0.6.0.6 








TEXAS 4% 


INSTRUMENTS 


POST OFFICE BOX 1443 @ HOUSTON, TEXAS 77001 


5-178 


TM4256E05, TM4257E05 
262,144 BY 5-BIT DYNAMIC RAM MODULES 





automatic (CAS-before-RAS) refresh cycle timing 
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TI single-in-line package nomenclature S 
™ 4256 E Q 5 -15 L = 
. < 
’ c 
TI MEMORY PINOUT BOARD WORD WIDTH TEMPERATURE 2 
MODULE DEVICE CONFIGURATIONA DIMENSIONS OUTPUT RANGE = 
c 
(68,6 x 11,4 mm) Max Access LO°C to 70°C > 
(2.7 x 0.45 inches) -12 120 ns an) 
—15 150 ns 
-— 20 200 ns 
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OCTOBER 1985 — REVISED NOVEMBER 1985 





1,048,576 X 1 Organization C SINGLE-IN-LINE PACKAGE 
(TOP VIEW) 


Single 5-V Supply (10% Tolerance) 
22-Pin Single-in-Line Package (SIP) 


Utilizes Four 256K Dynamic RAMs in Plastic 
Chip Carrier 


Long Refresh Period . . . 4 ms (256 Cycles) 


@ All Inputs, Outputs, Clocks Fully TTL 
’ Compatible 


3-State Outputs 
Performance Range: 


ACCESS ACCESS READ _ READ- 
TIME TIME OR MODIFY- 

ROW COLUMN WRITE WRITE 

ADDRESS ADDRESS CYCLE CYCLE 

(MAX) (MAX) (MIN) (MIN) 

™TM425_FC1-12 120ns 60ns 230ns 275 ns 
TM425_FC1-15 150ns 75ns 260ns 305ns 
TM425_FC1-20 200ns 100 ns 330ns 370ns 


@ Common CAS Contro! with Separate Data 
Input and Output Lines 


@ Operating Free-Air Temperature ...O0°C to 
70°C 


description 


The TM425_FC1 series are 1024K, dynamic 
random-access memory modules organized as 
1,048,576x1 bit in a 22-pin single-in-line 
package comprising four TMS425_FML, 
262,144x1 bit dynamic RAM’s in 18-lead RAS1-RASS 
plastic chip carriers mounted on top of a 
substrate together with decoupling capacitors 
mounted beneath the chip carriers. The onboard 
_ capacitors eliminate the need for bypassing on 
the motherboard and offer superior performance 
over equivalent leaded capacitors due to reduced lead inductance. Also, with 0.3 inch board spacing the 
TM425_FC1 has a density of ten devices per square inch (approximately 4X the density of DIPs). With 
the elimination of bypass capacitors on the motherboard, reduced PC board size, and fewer plated-through 
holes, a cost savings can be realized. 


Address Inputs 
Column-Address Strobe 
Data Input 


No Connection 

Data Output 
Row-Address Strobes 
Vppb 5-V Supply ; : 
Vss Ground 

Ww Write Enable 





The TM425_FCi features RAS access times of 120 ns, 150 ns, and 200 ns maximum. Power dissipation 
as low as 225 mW typical operating and 50 mW typical standby. 


Refresh period is extended to 4 milliseconds, and during this period each of the 256 rows must be strobed 
with RAS in order to retain data. CAS can remain high during the refresh sequence to conserve power. 


All inputs and outputs, including clocks, are compatible with Series 74 TTL. All address lines and data in 
are latched on chip to simplify system design. Data out is unlatched to allow greater system flexibility. 


The TM425_FC1 is rated for operation from O°C to 70°C. 





PRODUCTION DATA documents contain information ° Copyright © 1985, Texas Instruments Incorporated 
current as of publication date. Products conform to fi 
specifications per the terms of Texas Instruments 5-181 


standard warranty. Production processing does not 
necessarily include testing of all parameters. ~ INST RUMENTS 
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operation 


sejnpo-= WY dweudg 


address (AO through A8) 


Eighteen address bits are required to decode 1 of 262,144 storage cell locations on each of the four chips. 
Nine row-address bits are set up on pins AO through A&8 and latched onto the chip by the row-address 
strobes (RAS1-RAS4). Then the nine column-address bits are set up on pins AO through A8 and latched 
onto the chip by the column- -address strobe. All addresses must be stable on or before the falling edges 


of RAS and CAS. RAS is similar to a chip enable in that it activates the sense amplifiers as well as the 
row decoder. CAS is used as a chip select activating the column decoder and the input and output buffers. 


write enable (W) 


The read or write mode is selected through the write-enable (W) input. A logic high on the W input selects 
the read mode and a logic low selects the write mode. The write-enable terminal can be driven from standard 
TTL circuits without a pull-up resistor. The data inputs are disabled when the read mode ‘is selected. When 
W goes low prior to CAS, the data outs will remain in the high-impedance state for the entire cycle 
permitting common I/O operation. 


data in (D) 





Data is written during a write cycle. The falling edge of CAS or W strobes data into the on-chip data 
latches. These latches can be driven from standard TTL circuits without a pull-up resistor. In the early 
write cycle, W is brought low prior to CAS and the data is strobed in by CAS with setup and hold times 
referenced to this signal. 


data out (Q) 


The three-state output buffer provides direct TTL compatibility (no pull-up resistor required) with a fan 
out of two Series 74 TTL loads. Data out is the same polarity as data in. The output is in the high-impedance 
(floating) state until CAS is brought low. In a read cycle the output goes active after the access 
time interval ta(c) that begins with the negative transition of CAS as long as ta(R) is satisfied. 
The output becomes valid after the access time has elapsed and remains valid while CAS is low: CAS going 
high returns it to a high-impedance state. In the early write cycle, the output is always in the high-impedance 
state. 


refresh 


A refresh operation must be performed at least every four milliseconds to retain data. Since the output 
buffers are in the high-impedance state unless CAS is applied, the RAS-only refresh sequence avoids any 
output during refresh. Strobing each of the 256 row addresses (AO through A7) with RAS causes all bits 
in each row to be refreshed. CAS can remain high (inactive) for this refresh sequence to conserve power. 
All four devices may be refreshed together by enabling RAS1-RAS4 simultaneously. 


CAS-before-RAS refresh 


The CAS-before-RAS S refresh is utilized by bringing CAS low earlier than RAS (see parameter tCLRL) and 
holding it low after RAS falls (see parameter tRLCHR). For successive CAS-before-RAS refresh cycles, 
CAS can remain low while cycling RAS. The external address is ignored and the refresh address is 
generated internally. 


hidden refresh 


Hidden refresh may be performed while maintaining valid data at the output pin. This is accomplished by 
holding | CAS at Vi_ after a read operation and cycling RAS after a specified precharge period, similar to 
a “'RAS-only”’ refresh cycle. The external address is also ignored during the hidden refresh cycles. 
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page mode (TM4256FC1) 


Page-mode operation allows effectively faster memory access by keeping the same row address and strobing 
successive column addresses onto the module. Thus, the time required to setup and strobe sequential 
row addresses for the same page is eliminated. 


nibble mode (TM4257FC1) 


Nibble-mode operation allows high-speed serial read, write, or read-modify-write access of 1 to 4 bits of 
data. The first bit is accessed in the normal manner with read data coming out at ta(c) time. The next 
sequential nibble bits can be read or written by cycling CAS while RAS remains low. The first bit is 
determined by the row and column addresses, which need to be supplied only for the first access. Column 
A8 and row A8 (CA8, RA8) provide the two binary bits for initial selection of the nibble addresses. 
Thereafter, the falling edge of CAS will access the next bit of the circular 4-bit nibble in the following 


sequence: 


ea ag 0) $< $= (0) 0 


in nibble-mode, all normal memory operations (read, write, or ready-modify-write) may be performed in 
any desired combination. 








power up 
To achieve proper operation, an initial pause of 200 ys is required after power up followed by a minimum 
of eight initialization cycles. 


single-in-line package and components 


PC substrate: 0,79 mm (0.031 inch) minimum thickness | 
Bypass capacitors: Multilayer ceramic 
Leads: Tin/lead solder coated over phosphor-bronze 
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logic symbolt 


RAM 1024Kx1 


P| > > 
o BERR 


307 20D9/21D0 








0 
wy) A%62,143 
~< 
5 
ra) 
=| 
rs) 
=] —— 
es RAS1 
s 
° 
Qa, 
£ 
@ 
(47) 
RAS2 
RAS3 
RAS4 
TThis symbol is in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12. 
U 
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functional block diagram 
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g | 256Kx1 
(3) SS eka 
RAS1 RAS 
CAS 73) | el cas 
7 ana 
4 
p —!2) {| Gl 6 
— 9 
RAS2 oe 
— 14 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted) t 


Voltage range for any pin except Vpp and data out (see Note 1) ............. -1.5 Vto 10 V 
Voltage range on Vpp supply and data out with respect to VSS ...........+-05- ~1Vto7V 
Short circuit output current for any Output ...... 0... ee ee ene 50 mA 
POWER ‘GISSIPOUION: — 5.5.5 o hoes are ee Sete hen oS. SA we enile Ate cise: Geta de Seder peice elgh ce A ee Gee Ges 4W 
Operating free-air temperature range .. 1.1... . ee ee ee te te eee O°C to 70°C 
Storage temperature range ..... 2.0... ee ce ee ee ee eee —65°C to 150°C 


TStresses beyond those listed under ‘‘Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress rating 
only and functional operation of the device at these or any other conditions beyond those indicated in the ‘‘Recommended Operating 
Conditions” section of this specification is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect 
device reliability. : 

NOTE 1: All voltage values in this data sheet are with respect to Vss. 


recommended operating conditions 
















Von ____ Supply voltage pas 6 65] Vv __ 
Vss____ Supply voltage Ot, pve 
VIH High-level input voltage 2.4 6.5 


Vit Low-level input voltage (see Note 2) 
Operating free-air temperature 








TA 





NOTE 2: The algebraic convention, where the more negative (less positive) limit is designated as minimum, is used in this data sheet 
for logic voltage levels only. 


electrical characteristics over full ranges of recommended operating conditions (unless otherwise noted) 


PARAMETER TM425_FC1-12 


MIN TyPt MAX 


TEST 
CONDITIONS 


Vv, = OV to 6.5 V, Vpp = SV, 
Input t (leak Z 
All other pins = 2 


OH 

OL Low-level output voltage lol = 4.2 mA ; | Oi 
N 

ie) 


IDD1 


Ipp2 


IpD3 


IpD4 


IDD5 


Vo = 0.4V to 5.5 V 
! Output current (leakage 
P leakage) | Vip = 5 V, CAS high 


Average operating current 
during read or write cycle 


Standby current 


Average refresh current 


Average page-mode current 


Average nibble-mode 
current 


te = minimum cycle, 
Output open? 

After 1 memory cycle, 
RAS and CAS high, 
Output open 

te = minimum cycle, 
CAS high and RAS cycling, 
Output open 

te(P) = minimum cycle, 
RAS iow and CAS cycling, 
Output open* 

te(N) = minimum cycle, 
RAS low and CAS cycling, 
Output open* 


Tall typical values are at Ta = 25°C and nominal supply voltages. 
+ Assuming standard operation of one.device access. 





5-186 


V High-level output voltage loH = —5 mA 2.4 Vpp 
Vv i! = 
7 


40 


65 
0 
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electrical characteristics over full ranges of recommended operating conditions (unless otherwise noted) 


TEST ™M425_FC1-20 
PARAMETER S = UNIT 
CONDITIONS MIN TYPt MAX 


VOoH High-level output voltage loH = -—5 mA 2.4 VoD 
Vou ‘ = 
oo , 

1 








Low-level output voltage lol = 4.2 mA 


Vi = OVto 6.5 V, Vpp = SV, 
Input t (leak fe) 
nput current: Neakage} All other pins = OV 
Vo = 0.4V to 5.5V 
I Output current (leakage 
e ee Vpp = 5 V, CAS high pt 
| Average operating current te = minimum cycle, m 
DD1 during read or write cycle Output open? 
te = minimum cycle, 


1 
1 
Re 
CAS high and RAS cycling, 40 92 mA 
Output open 
3 





fe) 















After 1 memory cycle, 
RAS and CAS high, 
Output open 











Ipp2 Standby current 

















+ 
+ 
1 


IpD3 Average refresh current 








te(P) = minimum cycle, 
lpp4 Average page-mode current RAS tow and CAS cycling, mA 
22 2 


RAS low and CAS cycling, 
Output open? 

capacitance over recommended supply voltage range and operating free-air temperature range, 

f = 1 MHz 














Average nibble-mode 


| 
Oe current 





tall typical values are at Ta = 25°C and nominal supply voltages. 
tAssuming standard operation of one device access. 


PARAMETER 
Cita) Input capacitance, address inputs 
CiiD) Input capacitance, data inputs 
Ci(RAS) Input capacitance, RAS inputs 
Ci(w) Input capacitance, W input 


Ci(CAS) Input capacitance, CAS input 
Co(Q) Output capacitance, data output 
CoivpD Decoupling capacitance 
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switching characteristics over recommended supply voltage range and operating free-air temperature 
range ; 


TM425_FC1-12 | TM425_FC1-15 
PARAMETER TEST ND N | Tmazs_Fc1-12 | UNIT 
| _ananeren | eimeauginald syMBoL ees 


= 100 pF, 
ta(c) Access time from CAS F : 
ne 2 Series 74 TTL gates S 
t = MAX, 
ta(R) | Access time from RAS ALCL 
ee 2 Series 74 TTL gates 


Ginmeu Output disable time = 100 pF, 
d 
Is(CH) fer CAS high as = 2 Series 74 TTL gates 


1M425_FC1-20 
PARAMETER TEST CONDITIONS Ne = om MN MA UNIT 
; CL = 100 pF, 
t Access time from CAS tc 
ta(C) Load = 2 Seties 74 TTL gates pec [tm] os 
taLcL = MAX, 
t Access time from RAS t 
nod = 2 Series 74 TTL gates aes 
eqeieel Output disable time = 100 pF, 
t 
ICT) ak CAS high ee = 2 Series 74 TTL gates OFF 
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timing requirements over recommended supply voltage range and operating free-air temperature range 


TM425_FC1-12 
SYMBOL 


ALT. 
te(P) Page-mode cycle time (read or write cycle) tec 120 
tRC 
twc 
tcp 
twp 
tT 
tos 










¢ 
z 
4 


tc(PM) Page-mode cycle time (read-modify-write cycle) tpcmM 


teird) Read cycle timet 
tc(w) Write cycle time 


nN 
w 


2 


~ 


tw(CH) Pulse duration, CAS high (non-page mode) ae 
twiCL) Pulse duration, CAS lowt aes 


tw(CH)P Pulse duration, CAS high (page mode) 
A 
tw(RH) Pulse duration, RAS high 
RA 


tr Transition times (rise and fall) for RAS and CAS 


te(rdW) Read-write/read-modify-write cycle time tRWC 

twiRL) Pulse duration S$ low8 | tras 120 10,000 
tw(W) Write pulse duration | twee 

tsu(CA) Column-address setup time 

tsu(RA) Row-address setup time 

tgu(D) Data setup time : 

tsu(rd) Read-command setup time tRcs 


‘ Early write-command setup time ; 
su(WCt) before CAS low wes 


tsu(WCH) _Write-command setup time before CAS high tCWL 
tsu(WRH) _ Write-command setup time before RAS high tRWL 
thiCLCA) _ Column-address hold time after CAS low tCAH 


thiRA) Row-address hold time tRAH 
th(RLCA) _Column-address hold time after RAS low taR 
thiCLD) Data hold time after TAS low ; 







th(WLD) _ Data hold time after W low 


tRCH 


thi(RLD) Data hold time after RAS low 


th(CHrd) __ Read-command hold time after CAS high 


‘th(RHrd) Read-command hold time after RAS high 
thiCLW) Write-command hold time after CAS low tWCH 
th(RLW Write-command hold time after RAS low twcrR 


Continued next page. 

NOTE 3: Timing measurements are referenced to Vi_ max and Viyj min. 

TAI cycle times assume ty = 5 ns. 

+in a read-modify-write cycle, tc_ wand tsu(WCH) must be observed. Depending on the user's transition times, this may require additional 
CAS low time tw(CL)). This applies to page-mode read-modify-write also. : 

3in a read-modify-write cycle, tat wt and tsu(WRH) must be observed. Depending on the user’s transition times, this may require additional 
RAS low time (tw (RL))- 


wo 
ol 


Ne 
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timing requirements over recommended supply voltage range and operating free-air temperature range 


(continued) 
ALT. TM425_FC1-12 

7 I 

fe es ee SYMBOL pee re 


tRLCH Delay time, RAS low to TAS high 
[| tcin Delay time, TAS lowtoRAS high TSH 


tCLRL Delay time, TAS low to RAS low! 
tRHCL Delay time, RAS high to TAS low! 


ar aoe 
ee 
aie eames 

F Delay time, CAS low to W low : 

CLWL (read-modify-write cycle only) ‘ CWD 
p20 | | 
























Delay time, RAS low to CAS low 
tRCD - 


tRLCL (maximum value specified only 
tRWD 


to guarantee access time) 





; Delay time, RAS low to W low 
RLWL (read-modify-write cycle only) 


tet Refresh time interval ; 


Continued next page. 
NOTE 3: Timing measurements are referenced to Vj_ max and Viyj min. 


{CKS-before-RAS refresh only. 
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timing requirements over recommended supply voltage range and operating free-air temperature range 


(continued) 
ALT. TM425_FC1-15 | TM425_FC1-20 


SYMBOL 


to(P) Page-mode cycle time (read or write cycle) tpc 
te (PM) Page-mode cycle time (read-modify-write cycle) tPCM 
te(rd) Read cycle timet trRc 
te(W) Write cycle time twc 
te(rdW) Read-write/read-modify-write cycle time tRWC 
tw(CH)P Pulse duration, CAS high (page mode) tcp 
twiCH Pulse duration, CAS high (non-page mode) tCPN 













N 


GW 
to} 


twiCL Pulse duration, CAS low* tcaS 75 10,000 100 10,000 
tw(RH) Pulse duration, RAS high 


twiRL) Pulse duration, RAS low tRAS 150 10,000 200 10,000 


tw(W) Write pulse duration twp 


i 
tase 
aS 
‘DS 
tags 


; Early write-command setup time ‘ 
Su(WCL) before CAS low Wes 


tsu(WCH) | Write-command setup time before CAS high tCWL 
tsu(WRH) _Write-command setup time before RAS high tRWL 


th(CLCA) | Column-address hold time after CAS low tCAH 
thiRA Row-address hold time 


aa 


thiRLW) Write-command hold time after RAS low twWcR 


b 
a 


120 





Continued next page 

NOTE 3: Timing measurements are referenced to Vi, max and Vj min. 

TAIl cycle times assume ty = 5 ns. 

+in a read-modify-write cycle, tc, yw and tsu(WCH) must be observed. Depending on the user’s transition times, this may require additional 
TAS low time tyw(CL}). This applies to page-mode read-modify-write also. 

5in a read-modify-write cycle, tRLWL and tsu(WRH) Must be observed. Depending on the user’s transition times, this may require additional 
RAS low time (tyw(RL))- 





Cc 
z 
4 


Dynamic RAM Modules ° 


TEXAS wy | 5-191 


INSTRUMENTS 


POST OFFICE BOX 1443 @ HOUSTON, TEXAS 77001 





S8INPOW INYWY dlweudg - 


TM4256FC1, TM4257FC1 
1,048,576 BY 1-BIT DYNAMIC RAM MODULES 





timing requirements over recommended supply voltage range and operating free-air temperature range 


(concluded) 
ALT. TM425_FC1-15 | TM425_FC1-20 | | 
SYMBOL 

TRLCH Delay time, RAS low to CAS high | tcsH =f 50s. 200 


tCHRL Delay time, CAS high to RAS tow tcrp 















cia sbsaviaia ENE wes emg 2 |e 
tRLCHR Delay time, RAS low to CAS high! | tcur: =| 30s 
ices Baer ane Cov eiNea == I ae hao 
sere dre WAR oon ie CAR pe eo 
tei Delay time, CAS low to W low . = 
(read-modify-write cycle only) 
Delay time, RAS low to CAS low 


tRLCL (maximum value specified only 
to guarantee access time) 


Delay time, RAS low to W low 











t 145 
— SRLWL (read-modify-write cycle only) ited 
tt Refresh time interval ee es 
NOTE 3: Timing measurements are referenced to Vj, max and Vjy min. 
{TAS-before-RAS refresh only. 


NIBBLE-MODE CYCLE 


switching characteristics over recommended supply voltage range and operating free-air temperature 


ALT. 
PARAMETER SYMBOL | MIN MAX | MIN MAX | MIN MAX | 


timing requirements over recommended supply voltage range and operating free-air temperature range 


ALT. TM4257FC1-12|TM4257FC 1-15 | TM4257FC1-20 UNIT 
sympo. | MIN MAX | MIN MAX | MIN MAX 


te(N) Nibble-mode cycle time 
te(rdWN) _ Nibble-mode read-modify-write cycle time tNRMW 


tCLRHN Nibble-mode delay time, CAS low to RAS high | tursH_ | 30 | 
tCLWLN _Nibble-mode delay time, TAS to W delay tNCWD 26. = 3, 
twiCLN) __Nibble-mode pulse duration, CAS low tNCAS | 30 | 





















twiCHN) _ Nibble-mode pulse duration, CAS high 


twiCRWh) Nibble-mode read-modify-write pulse ‘ 
i duration, CAS low NCRW 
tsu(WCHN) time before CAS high : *NCWL 


i ee a 
oe ae 
ale 
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PARAMETER MEASUREMENT INFORMATION 


1.31 V 


R, = 2209 
OUTPUT 
UNDER 
TEST ‘i 


CL = 100 pF 


FIGURE 1. LOAD CIRCUIT 
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NOTE 5: A read cycle can be intermixed with write cycles as long as read timing specifications are not violated. 
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NOTE 6: A read or a write cycle can be intermixed with read-modify-write cycles as tong as the read and write timing specifications are not violated. 


Dynamic RAM Modules 





VIH 
Vit 


S 
er 
} BJ9A9 9yM-AjIpOlw-pees epow-ebed 


Buu 


ViH 
Vit 


VIH 


Vin 


VoL 


JTNGOW WY SINVNAG LId-l Ad 925'870'1 


L049SZ70WWL 


1,048,576 BY 1-BIT DYNAMIC RAM MODULE 


TM4257FC1 


bble-mode read cycle t 


iming 


ni 





, HIA 


CAXAAAAAAAKAAAAAKAKAAAAYN? 
CY 34uV2 L.NOG OK) 
QRS XY 
COOUCROOOCO OOO OOO OOOO OOOES 











































9 @. i ‘a 
I | 7 
>| (PAHD)Uy | = Le pions be-tpaoi4 | > he paorey | | | 
| | a (pains, | 
| pina =e l, (pa)nsy | | | 
—| fe— trata | | | | | | | | | | l 
A AAAAAKARAAAAARARARA DRAIN OL LIL ULL KLEEN YA 
ETT THR OOOO RTT TT (mow KK ovv 
HIA ata WYK RX XX XXX XX OK KY 








fs | 
| | >| (wa)ns, pew 
| peer 
| 


| | 
| 
| | 
| (vuins;—pl lq— 
a ae ——+ 
| 


Wa 


| | | 
| | | | (N10), | 
| I} | ai 
| | | | 





SvV9 
HIA | | | 
| | +} ies | 
| Janes INHOI i Sar were | 
| ae ne | 
7 | | 
. | | vsvu 
HI -LSVH 
A 


Dynamic RAM Modules 


TEXAS % 


STRUMENTS 


IN 


POST OFFICE BOX 1443 @ HOUSTON, TEXAS 77001 


5-200 


LOOZé SY¥X31 ‘NOLSNOH @ E¥vl XO 3D1ddO LSOd 


| 


SLNANNYLSN 


cy SVX4L 


LOc-S 





Vin 
RAS1- 
RAS4 | Vit 
| ——— men ; | | 
| |e——nc.__— | om | . | 
| | bewcura fF wicun fe tccrHn-m| . 
cK | | | 
L 3 > a t ™ 
min are | thiCLCA) | | l twiCLN) l | 
| tntcay— 1} | | | | | | | 
| je tniraro} — le teutcad | | | | | | | | | 
0 Vin 
AO-A8 
0.0 y 4. . VIL 
| thicew) fev | cew | ee | tcew | | 
je————thirrw)——— | | | tsu(WCHN) 
tsu(WCH) B 
| 
| i | elect tsulWRH)—P4 
| AOR | | IID | | VIH 






Ww SXXKX DON'T CARE (XXXXXX) 
LYK YK KKKKKK KKK 


| be-twi-p] | he—o}—twiwy be—o}—twiw Le—o}—twiwy 
VR ostceazs tsu(D)-4 t_ Po fe—of- tniwenr leat 


0°0;0;0°0;0;0-0°450'0650°0'0°4'0'0°0°0;0'0'0 | | 
| 


(\, DON’T CARE \) “ADON'T CARE 4 
t) ° Lx) OG 


PYAAAY YY V8 BPA 9 ¢, Vi 


thic.o) | | | | 








Vin 











OXXKXKAKAKAAAAY 


RE 
i) 

QXNN DON'T CARE yi 
4,0,9,9, O XI 


‘oe 


00°0'0'0'0°0'0'0°0'0'0'0'0'0.6.600'6.6.0-6.08 
XOOXXR DON'T CARE RON 
OOK XXX KK KK KKK KOK K KK 






D 













VIL 


Dynamic RAM Modules 





iu 


2 QJ0A9 9} Bpow-9/qq 


Buiu 


JINGOW WVY SINYNAG Lid-L Ad 925800"! 


LOALSCUINL 


TM4257FC1 


1,048,576 BY 1-BIT DYNAMIC RAM MODULE 





nibble-mode read-modify-write-cycle timing 


RAS1-RAS4 


SO|NPOW WH oiweudg 7 





5-202 


2) 
> 
7) 


AO-A8 

















Pigcct. 
taLcL —> lot « 
twiCl) : "| a men 


=| 







SOK 





EOS 
KS 


th(RA) 


.9.9.4.0.0.9.9.9.9.9.9.0.0.0.6. 


IKK KKK VV 


tsu(RA) 
<—— th(RLCA) 


te _y 


YY 


DAAADBAAAAL 


Trt thicLca) | 





be-tetrawny—>4 







fe tsuica) | | 

















| 
To 
| | fet thiwip) 






ty 
TEXAS 
INSTRUMENTS 


POST OFFICE BOX 1443 @ HOUSTON, TEXAS 77001 


KAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAD 
AO DONT. CARE Ooo OOO 


er , 
d 
su(rd) >| 
a raw —to} | 
VLASAASASAAA/ YX XX oy 


DON’T CARE YY 


Os YY VV YY YYY Mss 


twiRHi—fo>| 










XX XKXOXXKXAK XY 


VIH 


Vin 


VIH 


VIL 


Vin 


Vin 


Vin 


VIL 


VIH 


Vit 


VOH 


VOL 


TM4256FC1, TM4257FC1 
1,048,576 BY 1-BIT DYNAMIC RAM MODULES 





RAS-only refresh cycle timing 


Co ae 
| oe —| +—twirH) —e 


Vv 
mow Ra 
| | Vin 


tCLRH t 
a : aad }*-tRHCL 
XXX KY KKK YY 


' 
6,6,0.0.0.0.0.0 
| beet th(RA) Rey 


leet tsuinay 
I 

, OXXXX DON'T CARE X XXX 
¢ Row OV VVYYWYYYYY YO 











































Q HI-Z 

hidden refresh cycle timing a 
a 
|*+— Memory CYCLE ——» }@—— REFRESH CYCLE = 
| je—— REFRESH CYCLE —— | s 

J ! 

twiRL) Nigel | [+ twiRH) 
| y ul | r { | | = 
ae | | | | VI tc 
RAS1-RAS4 l | l - 0 
Vin — 
11 | | | 'RLCHR +o £ 
11 tw(CL) ———__+! V o 
TAS 11 | | = = 
| | vu Q 
tsu(RA) > 















OXKAKAKAAAAAAAAAAAAAAAAAAAAAY UXAAK? SCC SCCCEN TNO ON VIH 







\RAARKAA) AAAAY 
ADDRESS RAK KKK RX KKK RRR ON TE CARE ROSNY RRR 
ERK KELL K KKK K RS LRN, Vp 

















PAAAAAAAAAAAAAAAAAAAAAALYY YY YY YY VV V¥ VV WV VV 
RRNA ARRAN DON'T. CARERS 
OOOO KKER EER ERAS 9.9.0.0.9.0.0.6. 


VOH 
a VALID DATA 
Vor 








4s 
TEXAS 
INSTRUMENTS 


POST OFFICE BOX 1443 @ HOUSTON, TEXAS 77001 


5-203 





SajNPoW INWY diweudg . 


5-204 


TM4256FC1, TM4257FC1 
1,048,576 BY 1-BIT DYNAMIC RAM MODULES 





automatic (CAS-before-RAS) refresh cycle timing 
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MODULE 


TEMPERATURE 
RANGE 


MEMORY 
DEVICE 


PINOUT 
CONFIGURATION 


BOARD 
DIMENSIONS 


WORD WIDTH 
OUTPUT 


(55,9 x 11,4 mm) ' Max Access L O°C to 70°C 
(2.2 x 0.45 inches) - 12 120 ns 

- 15 150 ns 

-20 200 ns 
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262,144 X 8 Organization TM425_FL8 . . . L SINGLE-IN-LINE PACKAGE 
(TOP VIEW) 


Single 5-V Supply (10% Tolerance) 





30-Pin Single-in-Line Package (SIP) Vpp 
—Pinned Module for Through-Hole Insertion CAS 
(TM425_FL8) — DQ1 
—Leadless Module for Use with Sockets AO: 
(TM425_GU8) Al 
© Utilizes Eight 256K Dynamic RAMs in res 
Plastic Chip Carrier . es 
@ Long Refresh Period . . . 4 ms (256 Cycles) Vss 
@ All Inputs, Outputs, Clocks Fully TTL oe 
Compatible 
: A5 
3-State Outputs DO4 
Performance Ranges: pe 
ACCESS ACCESS _— READ DOs 
TIME TIME OR A8 
ROW COLUMN ~_—- WRITE NC 
ADDRESS ADDRESS’ CYCLE wo 
(MAX) (MAX) — (MIN) NC ® 
‘TM425___ 8-12 120 ns 60 ns 230 ns DQ6 5 
TM425___ 8-15 150 ns 75 ns 260 ns W no} 
_ TM425___8-20 200 ns 100ns 330 ns Vss S 
@ Common CAS Contro! for Eight Common DQ7 . 
Data-In and Data-Out Lines NC = 
pas 8 
@ Low Power Dissipation NC ce 
@ Operating Free-Air Temperature . . . O°C to RAS = 
70°C NC E 
NC = 
@ Downward Compatible with 64K X 8 SIP Vpp > 
(TM4164FL8, TM4164FM8) ja) 


description 


The TM425___8 series are 2048K, dynamic 
random-access memory modules organized as 
262,144x8 bits in a 30-pin_ single-in-line 
package comprising eight TMS425_FML, 
262,144x1 bit dynamic RAM’s in 18-lead AO-A8 
plastic chip carriers mounted on top of a CAS 
substrate together with decoupling capacitors po1-Da8 
mounted beneath the chip carriers. The onboard 
capacitors eliminate the need for bypassing on 


Address Inputs 
Column-Address Strobe 
Data In/Data Out 


No Connection 
Row-Address Strobe 


the motherboard and offer superior performance 5-V Supply 
over equivalent leaded capacitors due to reduced Giaukd 
lead inductance. Also, with 0.3 inch board "Write Enable 





spacing the TM425___8 has a density of ten 
devices per square inch (approximately 4X the 
density of DIPs). With the elimination of bypass 
capacitors on the motherboard, reduced PC 
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board size, and fewer plated-through holes, a 
cost savings can be realized. 


The TM425___8 features RAS access times of 
120 ns, 150 ns, and 200 ns maximum. Power 
dissipation as low as 2200 mW typical operating 
and 100 mW typical standby for 200 ns devices. 


Refresh period is extended to 4 milliseconds, and 
during this period each of the 256 rows must be 
strobed with RAS in order to retain data. CAS 
can remain high during the refresh sequence to 
conserve power. 


All inputs and outputs, including clocks, are 
compatible with Series 74 TTL. All address lines 
and data in are latched on chip to simplify system 
design. Data out is unlatched to allow greater 
system flexibility. 


The TM425___8 is rated for operation from 0°C 
to 70°C. - 


presence detect 


This feature is included on the TM425_GU8 to 
allow for hardware presence detection of the 
memory module. The PRD pin for each module 
in the system should be pulled high through a 
pull-up resistor, resulting in a logic one when no 
module is present. When a module is present, 
PRD is a logic zero as this pin is connected to 


Vss on the module. PRD can only be used to’ 


detect a modules’ presence, not its functionality. 
In a system not requiring presence detect, it is 
recommended that this pin be left as a no 
connect; this allows the use of either type of 
module without adverse effects. 


operation 
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address (AO through A8) 


Eighteen address bits are required to decode 1 
of 262,144 storage cell locations on each of the 
eight chips. Nine row-address bits are set up on 
pins AO through A8 and latched onto the chip 
by the row-address strobe (RAS). Then the nine 
column-address bits are set up on pins. AO 
through A8 and latched onto the chip by the 
column-address strobes. All addresses must be 
stable on or before the falling edges of RAS and 


‘CAS. RAS is similar to a chip enable in that it 
activates the sense amplifiers as well as the row — 


decoder. CAS is used as a chip select activating 
the column decoder and the input and output 
buffers for M1-M8. 


TEXAS 


TM425_GU8 .. . U SINGLE-IN-LINE PACKAGE 
(TOP VIEW) 


Vpp 
CAS 
DQ1 


DQ2 


DQ3 


|__| 
bed 
L 
Ld 
L 
= 
Ln! 
L 





PIN NOMENCLATURE 
TM425_GU8 









A0-A8 Address Inputs 

CAS Column-Address Strobe 
DQ1-DQ8 Data In/Data Out 

NC No Connection 

PRD Presence Detect (Vss) 
RAS Row-Address Strobe 
Vpb 5-V Supply 

Vss Ground 


WwW Write Enable 
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write enable (W) 


The read or write mode is selected through the write-enable (W) input. A logic high on the W input selects 
the read mode and a logic low selects the write mode. The write-enable terminal can be driven from standard 
TTL circuits without a pull-up resistor. The data inputs are disabled when the read mode is selected. The 
common /O | feature of the TM425___8 dictates the use of early write cycles to prevent contention on 
DQ. When W goes low prior to CAS, the data outs will remain in the high-impedance state for the entire 
cycle permitting common I/O operation. 


data in (DQ1-DQ8) 
Data is written during a write cycle. The falling edge of CAS strobes data into the on-chip data latches. 
These latches can be driven from standard TTL circuits without a pull-up resistor. In the early write cycle, 


W is brought low prior to CAS and the data is strobed i in by CAS with setup and hold times referenced 
to this signal. 


data out (DQ1-DQ8) 





The three-state output buffers provide direct TTL compatibility (no pull-up resistor required) with a fan 
out of two Series 74 TTL loads for each output. Data out is the same polarity as data in. The outputs 
are in the high-impedance (floating) state until CAS is brought low. In a read d cycle the outputs go active after 
the access time interval ta(c) that begins with the negative transition of CAS as long as ta(R) is satisfied. 
The outputs become valid after the access time has elapsed and remains valid while CAS is low: CAS going 
high returns it to a high-impedance state. In the early write cycle, the outputs are always in the high- 
impedance state, a necessity due to the common I/O feature of the TM425___8. 


refresh 


A refresh operation must be performed at least every four milliseconds to retain data. Since the output . 





buffers are in the high-impedance state unless CAS is applied, the RAS-only refresh sequence avoids any 
output during refresh. Strobing each of the 256 row addresses (AO through A7) with RAS causes all bits 
in each row to be refreshed. CAS can remain high (inactive) for this refresh sequence to conserve power. 


CAS-before-RAS refresh 


The CAS-before-RAS refresh is utilized by bringing CAS low earlier than RAS (see parameter tcLRL) and 
holding it low after RAS falls (see parameter tRLCHR). For successive CAS-before-RAS refresh cycles, 
CAS can remain low while cycling RAS. The external! address is ignored and the refresh address is 
generated internally. , 


hidden refresh 


Hidden refresh may be performed while maintaining valid data at the output pin. This is accomplished by 
holding CAS at Vi_ after a read operation and cycling RAS after a specified precharge period, similar to 
a ‘‘RAS-only”’ refresh cycle. The external address is also ignored during the hidden refresh cycles. 


page-mode (TM4256__8) 


Page-mode operation allows effectively faster memory access by keeping the same row address and strobing 
successive column addresses onto the module. Thus, the time required to setup and strobe sequential 
row addresses for the same page is eliminated. 
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nibble mode (TM4257__8) 


Nibble-mode operation allows high-speed serial read, write, or read-modify-write access of 1 to 4 bits of 
data. The first bit is accessed in the normal manner with read data coming out at ta(c) time. The next 
sequential nibble bits can be read or written by cycling CAS while RAS remains low. The first bit is 
determined by the row and column addresses, which need to be supplied only for the first access. Column 
A8 and row A8 (CA8, RA8) provide the two binary bits for initial selection of the nibble addresses. 
Thereafter, the falling edge of CAS will access the next bit of the circular 4-bit nibble in the following 
sequence: 





re (0.0.0,  —— ee ee > 


In nibble-mode, all normal memory operations (read, write, or ready-modify-write) may be performed in 
any desired combination. 


power up 


To achieve proper operation, an initial pause of 200 us is required after power up followed by a minimum 
of eight initialization cycles. 


| 5 | ‘single-in-line package and components 


sajNnpo-= INWH oweudg 


PC substrate: 0,79 mm (0.031 inch) minimum thickness 

Bypass capacitors: Multilayer ceramic 

Leads: Tin/lead solder coated over phosphor-bronze 

Contact area for socketable devices: Nickel plate and solder plate on top of copper 


logic symbolt 


RAM 256Kx8 
20D9/21D0 








ie] 


* 262,143 


20D17/21D8 


TThis symbol is in accordance with ANSI/IEEE Std 91-1984 and iEC Publication 617-12. 





5-208 


wy 
TEXAS 
INSTRUMENTS 


POST OFFICE BOX 1443 @ HOUSTON, TEXAS 77001 


TM4256FL8, TM4256GU8, TM4257FL8, TM4257GU8 
262,144 BY 8-BIT DYNAMIC RAM MODULES 





- functional block diagram 


TTM425_GU8 only. 


AO (4) 


At (5) 


paa (13) 


1) 
VpD 


(30) 
Vpb 
. (9) 
SS (22) 
Vss 


fatness t 
PRD (24) 


Ci--- 





256Kx1 
A0-A8 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 


Voltage range for any pin except Vpp and data out (see Note 1) ............. —-1.5Vto 10V 
Voltage range on Vpp supply and data out with respect to VSS ............0005 -1Vto7V 
Short circuit output current for any Output .. 10... 2... ee ee ee cee tees 

Power dissipation 2... 0... ee ee ee ee ee eee eee tees 
Operating free-air temperature range .......... cee ee tee eens 0°C to 70°C 
Storage temperature range ......... ee ee ete eee teens -—65°C to 150°C 


tStresses beyond those listed under ‘‘Absolute Maximum Ratings’’ may cause permanent damage to the device. This is a stress rating 
only and functiona! operation of the device at these or any other conditions beyond those indicated in the ‘‘Recommended Operating 
Conditions’’ section of this specification is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect 


device reliability. 
NOTE 1: All voltage values in this data sheet are with respect to Vss. 


recommended operating conditions 


Supply voltage 
Supply voltage 


High-level input voltage 
Low-level input voltage (see Note 2) 





Operating free-air temperature 


for logic voltage levels only. 


TEST TM425___8-12 TM425___ 8-15 
AME — — 
es men CONDITIONS MIN TYPt MAX 


High-level output voltage loH = -—5mA 2.4 Vpo 
Low-level output voltage os 4.2 mA 


Input current (leakage) ais if a vee 
u e 
‘ ‘i other pins = 
= 0.4 Vto "i = V, 
Output current (leak 
MIRUR Curren NRAROEE! = 5 V, CAS high 


Average operating current minimum cycle, 
. during read or write cycle Al outputs open 


S9INDOW INVWH dlweudg a 


'pp1* 


te = minimum cycle, 
Ipp3* Average refresh current CAS high and RAS cycling, 

All outputs open 

te(p) = minimum cycle, 
Ipp4* Average page-mode current | RAS low and CAS S cycling, 

Ail outputs open 


to(N) = minimum cycle, 
RAS low and CAS cycling, 


All outputs open 


t Average nibble-mode 


| 
pee current 





After 1 memory cycle, 
Ipp2? | Standby current RAS and CAS high, - : 
he outputs open 


Tal typical values are at Ta = 25°C and nominal supply voltages. 
*top1-IDps are measured with M1-M8 in the same mode (i.e., operating, standby, refresh, page mode, nibble mode). 


NOTE 2: The algebraic convention, where the more negative (less positive) limit is designated as minimum, is used in this dara sheet 


electrical characteristics over full ranges of recommended operating conditions (unless otherwise noted) 
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electrical characteristics over full ranges of recommended operating conditions (unless otherwise noted) 


PARAMETER Meas |_TM425__ == 
CONDITIONS MIN TYPt MAX 


yee High-level output voltage lon = ~SmA 2.4 Vpp 
Low-level output voltage ot 4.2 mA 


agile tcligshaae) = OV to 6.5 V, Vpp = 
n urr 
Cer ee eneee i other pins = OV 


= 0.4Vto 5.5 V, 
a0 5 V; CAS high 
, Average operating current = minimum cycle, 
pp1* during read or write cycle e outputs open 


After 1 memory cycle, . 
Ipp2* Standby current RAS and CAS high, 3 
All outputs open 


Output current (leakage) 


te = minimum cycle, 
‘Ipp3? Average refresh current CAS high and RAS cycling, 

All outputs open 

tc(P) = minimum cycle, 
Ipp4* Average page-mode current | RAS low and CAS cycling, 





All outputs open 

tc(N) = minimum cycle, 
RAS low and CAS cycling, 
All outputs open 


' t Average nibble-mode 
pee current 





TAIl typical values are at Ta = 25°C and nominal supply voltages. 
+Ipp1-lpp5 are measured with M1-M8 in the same mode (i.e., operating, standby, refresh, page mode, nibble mode). 


capacitance over recommended supply voltage range and operating free-air temperature range, 
f = 1 MHz 


PARAMETER 
Ci(A) Input capacitance, address inputs 
Ci(Da) Input capacitance, data inputs 


n 
2 
3 
e. 
° 
= 
= 
<q 
cc 
2 
££. 
G 
c 
> 
a 


Ci(RAS) Input capacitance, RAS input 


Ciw) Input capacitance, W input 


Ci(CAs) Input capacitance, CAS input 
Co(VDD) Decoupling capacitance 





Additional information on these products can be obtained from the factory as it becomes available. 
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switching characteristics over recommended supply voltage range and operating free-air temperature 


range 
™M425___8-12 | TM425___8-15 


ALT. 
AMETER TEST CONDITION 
SYMBOL 
= 100 pF, 
t A ti f CAS 
as 2 Series 74 TTL gates | ee 
tRLCL = MAX, 
t A ti f RAS ° 
bead = 2 Series 74 TTL gates 















Output disable time = 100 pF, 


tdis(CH 
isictth after CAS high 


ae 2 Series 74 TTL gates 





PARAMETER TEST CONDITIONS sae OL 
= 100 pF, 
A ti f CAS t 
ta(C) eras net es 2 Series 74 TTL gates 


tRicL = MAX, 

t Access time from RAS t 

a(R) ae 2 Series 74 TTL gates RAC 

mnie Output disable time = 100 pF, 

dis(CH t 
ister) after CAS high Load = 2 Series 74 TTL gates OFF 









sajnpoW INVWY diweudg E 
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timing requirements over recommended supply voltage range and operating free-air temperature range 


TM425___ 8-12 , 
aa SYMBOL tied 


te(P) Page-mode cycle time (read or write cycle) 


te(rd) Read cycle timet 
teiw) Write cycle time 


AL 
| 
twi(CH)P Pulse duration, CAS high (page mode) 
twi(CL) Pulse duration, CAS low 6 
tw 
: tT 
to 
ta 





120 


, CA 
, CA 
, CA 
, RA 


tt Transition times (rise and fall) for RAS and CAS | ty 


twiCH) Pulse duration, CAS high (non-page mode) tCPN 

0 10,000 

cn, FS hi 
twiRL) Pulse duration $ low tRAS 120 10,000 
twiW) Write pulse duration | twp 
tsu(CA) Column-address setup time 
tsu(RA) Row-address setup time tASR 
peut | Sess setae tne | tos 
tsu(rd) Read-command setup time 
40 


T. 

Cc 

Cc 

Cc 

P 

P 

S 
te Early write-command setup time 

u(WCL) before CAS low wes 

| thicLo) _Datahold time after TAS tow to 

ace cee ae 
th(RLW) ___Write-command hold time after RAS tow 
tRLCH Delay time, RAS low to CAS high 

| tcurH Delay time, CAS low toRAShigh Tt 

Ss 






A 
A 


Delay time, RAS low to CAS low 
tRLCL (maximum value specified only 








tRCD 
to guarantee access time) 


trt Refresh time interval | tre] 





rae 
aa 
isn 
| ons | 
| ns | 
| ons 
ca 
| ns 
as 
| ms | 





NOTE 3: Timing measurements are referenced to ViL max and Vij min, 
TAI cycle times assume ty = 5 ns. 
+CAS-before-RAS refresh only. 
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timing requirements over recommended supply voltage range and operating free-air temperature range 


ALT. ™i425___8-15 | TM425___8-20 





sympo.__ [MIN MAX | 
te(P) Page-mode cycle time (read or write cycle) tpc 145 
te(rd) Read cycle timet tre 
te(w) Write cycle time 
tw(CH)p _ Pulse duration, CAS high (page mode) 
_ tw(CH) Pulse duration, CAS high (non-page mode) 
twiCL) Pulse duration, CAS low _ 75 10,000 | 100 10,000 
tw(RH) Pulse duration, RAS high (precharge time) trp 


twiRL) Pulse duration, RAS low , 

twiw) Write pulse duration 

Transition times (rise and fall) for RAS and CAS 
tsu(CA) Column-address setup time 


150 10,000 200 10,000 


tRAS 
Wi 


aS 
o 


a 


+ 
a 
uv 
ie) 


v 


~~ 
> 
4 


. 


tasc 


tsu(RA) Row-address setup time taSR 


tsu(D) Data setup time 





tsu(rd) Read-command setup time tres 
. Early write-command setup time . 
su(WCL) before CAS low : wes 


tsu(WCH) Write-command setup time before CAS high tCWL 
tsu(WRH) _ Write-command setup time before RAS high. tRWL 


th(CLCA) _ Column-address hold time after CAS low tCAH 
thiRA Row-address hold time tRAH 


mr 
ac 
: 


Delay time, RAS low to CAS low 


- 
oa 














“ 
a 


w& 
ai 







Cc 
= 
= 


tRLCL (maximum value specified only tRCD 30 75 
to guarantee access time) ; 
te Refresh time interval [er 


NOTE 3: Timing measurements are referenced to Vj, max and Vjy min. 
TAN cycle times assume ty = 5 ns. 
+CAS-before-RAS refresh only, 
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NIBBLE-MODE CYCLE 


switching characteristics over recommended supply voltage range and operating free-air temperature 
range 


ALT. M4257__8-12]TM4257__8-15]TM4257__8-20 
ME — — — NIT 
sa sywaot | win MAX | MIN MAX | WIN MAX | © 


timing requirements over recommended supply voltage range and operating free-air temperature range 


ALT. M4257__8-121TM4257__8-15|TM4257__ 8-20 UNIT 
symaot | MIN MAX | MIN MAX] MIN MAX | 
tein) Nibbie-mode oyete time [we | 60 | 7 [90 


tein —_Nible-mode delay time, CRS tow to RAS ish [ yas | so | 40 | so __| 
twicin) —Nibble-mode pulse duration, CASiow | tncas | 30 | 40 | so _| 
rica) Nbbirmodo pulse craton, CRB nigh | twop [20 | 25 | so | 

is 


: Nibble-mode write command setup r 
su(WCHN) time before CAS high NCWL 
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PARAMETER MEASUREMENT INFORMATION 


1.31 V— 


RL = 2209 
OUTPUT 
UNDER 
TEST 


CL = 100 pF 


FIGURE 1. LOAD CIRCUIT 


read cycle timing 
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early write cycle timing 


iia: —— 
















































| -———- twit: —————+} } | 
| | | 
RAS | 
t t a 
== rc : be—— tcirr——} erwin 
oe be— tric. —> K— tcur_—o| 
| |}¢———— tacu ——_———_>} tt 
GRE T be—— twicL)—_—> 
| t 
tsu(na) Fe] | — I+- tsuica) | &—— twicx) ——>} 
fo——siRi.ca) —>4 | 
thina) eo | ; Hef tricia it 
A0-A8 
t be-— | 
sa aa i ; 
~———— 1 su(WCH) >. 
=—— tsutwr) ——>1 
++ nieuw) 
\ | ——tnicLw) 
ee a = amram 
\ BRRRRNN DONT CARE SONNY 
| oT 
t 
| ) | #— thicio) —o 
+ thin 
pa1-Da8 SEKAI ION 


RR Dacre NOY 


4 
—e|}e— tsu(D) 





(XXX XX AAAAASLY YW YY KKK XX 
i OKXKXK) 
RAAARAA DONT CAREX FS ARE XO 





wy 
TEXAS 
INSTRUMENTS 


POST OFFICE BOX 1443 @ HOUSTON, TEXAS 77001 


ViH 
Vit 


Vin 


Vin 


Vin 
Vit 


Vin 


Vit 


VIH 
VIL 


Dynamic RAM Modules lo 





5-217 


262,144 BY 8-BIT DYNAMIC RAM MODULES 


TM4256FL8, TM4256GU8 
page-mode read cycle timing 


“PazP[OIA 1OU ale SUONedI}IONds Buln a3M ayy se Buo) se Saj2A9 peel YIM paxitusaU! aq UPD B[9A9 SIM Y ‘vy FLON 


TOA 
































la 
M 
Hip . ae : ; : 
(PAHO) ++ (Pans) rol — = Je (PAHO eae | eee , 
i.e 7 | nig Wal 1 | | 
len : | | | | 
LI | 
WA rERKK XKKKK) 
XXX) : OX! 
sin, SEPRRNE CORRE 
| | ' | 
| worn th (vain; el le— (von le | stale: rua 
|! | | | | te if | ivory, —el 
| | (v919)u, | | (vor0)4; eof l : (W979 peo —| benivulus 
1 | | | | | | | 
» | i I { svo 
HIA | | | | : | | ~— 
! (19) —w} 7 fe— (19), —oy {! 
ae baa PSs | sl | | 
fo HHO: oI : d( HO)", -e—vy Lae | 
| | be —Hu10; —e . . fe ge >| : 
A | | 
sv 


HIA | 
(Ta) 44 ———____—__—_—_—____—_-+| 


Dynamic RAM Modules 


Texas wy 


STRUMENTS 


IN 


POST OFFICE BOX 1443 @ HOUSTON, TEXAS 77001 


5-218 


LOOLZ SVX3L ‘NOLSNOH @ EvPt XO IDI4IJO 1S0d 


SINAWNYLSN] 


¢y SVX] 


6L2-g 


x 
” 


a a aa) 

a ‘ 
! 7 I Lee uf 

—| bet a | be —et— twichP ae Sec! 

peame = 





































wen | ViH 
CAS 
l VIL 
RRO XXXXXEXAR RE VIH 
: OXXaXYy DON'T CARE XY 
AG-AS x X COOOL AAA AAR RAK KKK VIL 
| | | | | | | | | | 
thiCLW) 
) wo | = ! | seal IK tsu(WRH) 
il, | | | = ese taorn—e} 
are (WCH) je—t (WCH) 
| SU | | SU be——el- thicew) 
, | | | ARRRRARRXXAERERE RS VIH 
a (xx) ONY) 
OXY DON'T CARE (Xx) 
i BY YY ey Vit 
Vin 
VIL 





[ | l aes 
| th(CLD) thiCLD) th(CLD) 
}+—— thir) —_+| . 


NOTE 5: A read cycle can be intermixed with write cycles as long as read timing specifications are not violated. 
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nibble-mode read cycle timing 
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TI single-in-line package nomenclaturet 


™ 4256 F L 8 -—15 L 






















Tl 
MODULE 


MEMORY 
DEVICE 


PINOUT 
CONFIGURATIO 


BOARD 
DIMENSIONS 


WORD WIDTH 
, OUTPUT 


TEMPERATURE 
RANGE 










F Version L Package Max Access L O°C to 70°C 
Pin 24-No Connect (76,2 x 16,5 mm) -12 420 ns 

G Version (3.0 x 0.65 inches) —15 150 ns 

Pin 24-PRD U Package ~20 200 ns. 


(88,9 x 16,5 mm) 
(3.5 x 0.65 inches) 


tThe F pinout configuration designator is used when specifying the L package; the G pinout configuration version designator is used when 
specifying the U package. 
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@ 262,144 X8 Organization 
Single 5-V Supply (10% Tolerance) 


30-Pin Single-in-Line Package (SIP) 

—Pinned Module for Through-Hole 
Insertion (TM4256GV8) 

—Leadless Module for Use with 
Sockets (TM4256GP8) 


Low Profile, Double-Side 
Mount... 0.45” Height 


Utilizes Eight 256K Dynamic RAMs in 
Plastic Chip Carrier 


Long Refresh Period .. . 4 ms (256 Cycles) 


All inputs, Outputs, Clocks Fully TTL 
Compatible 


3-State Outputs 


Performance of Unmounted RAMs: 


ACCESS ACCESS READ READ- 
TIME TIME OR MODIFY- 

ROW COLUMN WRITE WRITE- 

ADDRESS ADDRESS CYCLE CYCLE 

(MAX) (MAX) . (MIN) (MIN) 

TMS4256-12 120ns 60ns 230ns 270ns 
TMS4256-15 150ns 75ns 260ns 305ns 
TMS4256-20 200 ns 100 ns 330ns 370ns 


Common CAS Control with Common 
Data-In and Data-Out Lines 


Low Power Dissipation 


Operating Free-Air Temperature . . . 0°C to 
70°C 

Upward Compatible with Planned 

1 Meg DRAM Family (Height 

and Length May Increase) 


description 


The TM4256G_8 series are 2048K, dynamic 
random-access memory modules organized as 
262,144 x 8-bits in a 30-pin single-in-line 
package comprising eight TMS4256FML, 
262,144 x 1 bit dynamic RAM’s in 18-lead 
plastic chip carriers mounted on top of a 
substrate together with eight 0.2 nF decoupling 
capacitors. Each TMS4256FML is described in 
the data sheet and is fully electrically tested 


TM4256GP8, TM4256GV8 
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V SINGLE-IN-LINE PACKAGET 
(TOP VIEW) 


VpD 
CAS 
DQ1 


Vpb 








Dynamic RAM Modules . 


TTM4256GV8 package is shown. 


PIN NOMENCLATURE 


AO0-A8 
CAS 


DQ1-0DQ8 


NC 


PRD 
RAS 


VpD 
Vss 


WwW 





Address Inputs 
Column-Address Strobe 
Data In/Data Out 

No Connection 
Presence Detect 
Row-Address Strobe 
5-V Supply 

Ground 

Write Enable 


and processed according to TI’s MIL-STD-883B (as amended for commercial applications) flows prior to 
assembly. After assembly onto the SIP, a further set of electrical tests is performed. The module is rated 


for operation from O°C to 70°C. 


ADVANCE INFORMATION documents contain 
information on new | phage in the sampling or 
development. Characteristic 
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logic symbolt ; functional block diagram 









RAM 256Kx8 
20D9/21D0 










0 
A%62.143 






256Kx1 





20D17/21D8 


pat 
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pa2 npe 10) 

i te 

256Kx1 

DQ2 
DQ3 
Da4 
DQ5 
DQ6 
DQ7 
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tThis symbol is in accordance with ANSI/IEEE Std. 91-1984 and pa4 
IEC Publication 617-12. 
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operation 


The TM4256G_8 operates as eight TMS4256s connected as shown in the functional block diagram. Refer 
to the TMS4256 data sheet for details of its operation. The common I/O feature of the TM4256G_8 requires 
the use of early-write cycles to prevent contention on D and Q. 


presence detect 


This feature allows for hardware presence detection of the memory module. The PRD pin for each module 
in the system should be pulled high through a pull-up resistor, resulting in a logic one when no module 
is present. When a module is present, PRD is a logic zero as this pin is connected to Vsg on the module. 
PRD can only be used to detect a modules’ presence, not its functionality. In a system not requiring presence 
detect, it is recommended that this pin be left as a no connect; this allows the use of either type of module 
without adverse effects. 


specifications 


For TMS4256 electrical specifications, refer to the TMS4256 data sheet. The common |/O feature of the 
TM4256G_8 dictates the use of early-write cycles to prevent contention on D and Q. 


single-in-line package and components 


PC substrate: 0,79 mm (0.031 inch) minimum thickness 

Bypass capacitors: Multilayer ceramic 

Leads: Tin/lead solder coated over phosphor-bronze 

Contact area for socketable devices: Nickel plate and solder plate on top of copper 


TI single-in-line package nomenclature 


4256 G Vv 8 —15 L 


Tl MEMORY PINOUT BOARD WORD WIDTH TEMPERATURE 
MODULE DEVICE CONFIGURATIONA DIMENSIONS OUTPUT RANGE = 


“—™M 








V Package Max Access L O°C to 70°C 
(78,7 x 11,4 mm) -12 120 ns 
(3.1 x 0.45 inches) -—15 150 ns 

P Package -—20 200 ns 


(88,9 x 11,4 mm) 
(3.5 x 0.45 inches) 
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ADVANCE TM4256GP9, TM4256GV9 
INFORMATION 262,144 BY 9-BIT DYNAMIC RAM MODULES 
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262,144 X 9 Organization 
Single 5-V Supply (10% Tolerance) 
30-Pin Single-in-Line Package (SIP) 


V SINGLE-IN-LINE PACKAGEt 
(TOP VIEW) 





Dynamic RAM Modules * 





VDD 
—Pinned Module for Through-Hole CAS 
insertion (TM4256GV9) DQ1 
—Leadless Module for Use with AO 
_ Sockets (TM4256GP9) Al 
© Low Profile, Double-Side 0Q2 
Mount. . . 0.45’ Height fe 
@ Utilizes Nine 256K Dynamic RAMs in Plastic Vss 
Chip Carrier DQO3 
@ Long Refresh Period . . . 4 ms (256 Cycles) ae 
All Inputs, Outputs, Clocks Fully TTL . Do4 
Compatible AG 
3-State Outputs ; Al 
DQ5 
@ Performance of Unmounted RAMs: A8 
ACCESS ACCESS READ  READ- NC 
TIME TIME OR MODIFY- NC 
ROW COLUMN WRITE WRITE Da6 
ADDRESS ADDRESS CYCLE CYCLE Ww 
(MAX) (MAX) (MIN) (MIN) Vss 
TMS4256-12 120 ns 60 ns 230ns 270ns ‘ DO? 
TMS4256-15 150 ns 75ns 260ns 305ns simile 
TMS4256-20 200ns 100ns 330ns 370ns PRD 
es, Das 
@ Common CAS Control for Eight Common a9 
Data-In and Data-Out Lines RAS 
@® Separate CAS Control for One Separate Pair CAS9 
of Data-In and Data-Out Lines . D9 
Vv 
Low Power Dissipation oO 
Operating Free-Air Temperature . . . 0°C to tTM4256GV9 package is shown. 
70°C 
1 Meg DRAM Family (Height and Length 
May Increase) AO-AS Address Inputs 
; : CAS, CASS. Column-Address Strobes 
description DQ1-DQ8 Data In/Data Out 
: D9 Data In 
The TM4256G_9 series is a 2304K, dynamic NC No Connection 
random-access memory module organized as PRD Presence Detect 
262,144 x9 bits [bit nine (D9, Q9) is generally ag Data Out 
used for parity and is controlled by CAS9J in RAS Row-Address Strobe 
a 30-pin single-in-line package comprising nine : Vpp 5-V Supply 
TMS4256FML, 262,144 x 1 bit dynamic RAM’s Vss Ground 


in 18-lead-plastic chip carriers mounted on top W Write Enable 

of a substrate together with nine 0.2 pF 

decoupling capacitors mounted beneath the chip carriers. Each TMS4256FML is described i in the data sheet 
and is fully electrically tested and processed according to Tl’s MIL-STD-883B (as amended for commercial 








ADVANCE INFORMATION documents contain ° Copyright © 1985, Texas Instruments incorporated 
information on new pcueted in the sampling or u 

preproduction phase of development. Characteristic 

data and other specifications are subject to change 
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applications) flows prior to assembly. After assembly onto the SIP, a further set of electrical tests is 
performed. The module is rated for operation from O°C to 70°C. 


functional block diagram 


(4) 
(5) 
{7) 
(8) 
(14) 
(12) 
(14) 
(15) 
17 
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operation 


The TM4256G_49 operates as nine TMS4256s connected as shown in the functional block diagram. Refer 
to the TMS4256 data sheet for details of its operation. The common I/O feature of the TM4256G_9 dictates 
the use of early-write cycles to prevent contention on D and Q. 


specifications 


For TMS4256 electrical specifications, refer to the TMS4256 data sheet. The common //O feature of the 
TM4256G_9 dictates the use of early-write cycles to prevent contention on D and Q. 


presence detect 


This feature allows for hardware presence detection of the memory module. The PRD pin for each module 
in the system should be pulled high through a pull-up resistor, resulting in a logic one when no module 
is present. When a module is present, PRD is a logic zero as this pin is connected to Vsg on the module. 
PRD can only be used to detect a modules’ presence, not its functionality. In a system not requiring presence 
detect, it is recommended that this pin be left as ano connect; this allows the use of either type of module 
without adverse effects. 


single-in-line package and components 





PC substrate: 0,79 mm (0.031 inch) minimum thickness 

Bypass capacitors: Multilayer ceramic 

Leads: Tin/lead solder coated over phosphor-bronze 

Contact area for socketable devices: Nickel plate and solder plate on top of copper 


TI single-in-line package nomenclature 


IM 4256 G Vv. 9 =15 L 


Ti MEMORY PINOUT BOARD WORD WIDTH TEMPERATURE 
MODULE DEVICE CONFIGURATIONA DIMENSIONS OUTPUT ' RANGE 





Dynamic RAM Modules 


V Package Max Access L O°C to 70°C 
(78,7 x 11,43 mm) -12 120 ns 
(3.1 x 0.45 inches) —15 150 ns 

P Package -20 200 ns 


(88,9 x 16,5 mm) 
(3.5 x 0.65 inches) 
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TM4256HE4 
524,288 BY 4-BIT DYNAMIC RAM MODULE 





@ 524,288 X 4 Organization E SINGLE-IN-LINE PACKAGET 
: (TOP VIEW) © 
@ Single 5-V Supply (10% Tolerance) 
e ‘ er NC 
@ 24-Pin Single-in-Line Package (SIP) Aa 
@ Utilizes Eight 256K Dynamic RAMs in Vop 
Plastic Chip Carrier D1 
: Q1 
@ Long Refresh Period .. . 4 ms (256 Cycles) CAS 
@ All Inputs, Outputs, Clocks Fully TTL A7 
Compatible A5 
3-State Output a 
-State Outputs D2 
Performance of Unmounted RAMs: a2 
WwW 
ACCESS ACCESS READ READ- ve 
TIME TIME OR MODIFY- 
ROW COLUMN WRITE WRITE A3 
ADDRESS ADDRESS CYCLE CYCLE A6 
(MAX) (MAX) (MIN) (MIN) Q3 
TMS4256-12 120ns 60ns 230ns 270ns D3 
TMS4256-15 150 ns 75ns 260ns 305ns A2 
™MS4256-20 200ns 100ns 330ns 370ns AG 
© Common CAS Control with Separate RAS1 
Data-In and Data-Out Lines D4 
@ Low Power Dissipation: a. 
ss 
OPERATING STANDBY RAS2 
(TYP) (TYP) 
TM4256HE4-12 2600 mw 100 mw TRAS1 is the row-address strobe for side 1, and 
TM4256HE4-15 2400 mw 100 mW RAS2 is the row-address strobe for side 2. Side 
TM4256HE4-20 1800 mW 100 mW 1 is shown in top view. 
@ Operating Free-Air Temperature . . . 0°C to 


PIN NOMENCLATURE 


A0-A8 Address Inputs 

CAS Column-Address Strobe 
D1-D4 Data Inputs 

NC No Connection 

Data Outputs 


70°C 


description 


The TM4256HE4 is a 2048K, dynamic random- 
access memory module organized as 524,288 
X 4 bits in a 24-pin single-in-line package (SIP) 


Q1-04 


SEPTEMBER 1985 — REVISED NOVEMBER 1985: 


comprising eight TMS4256FML, 262,144 X 1 
bit dynamic. RAM’s in 18-lead plastic-chip — 
carriers mounted on both sides of a substrate | 
together with four 0.2 nF decoupling capacitors. 





RAS1, RAS2 
Vpp 


Vss 
W 


Row-Address Strobes 
5-V Supply - 

Ground 

Write Enable 


The on-board capacitors eliminate the need for 

bypassing on the motherboard and offer superior performance over equivalent daded capacitors due to 

reduced lead inductance. Also, with 0.475 inch board spacing, the TM4256HE4 has a density of seven 
_ devices per square inch (approximately 2.8X the density of DIPs). With the elimination of bypass capacitors 

on the motherboard, reduced PC board size, and fewer plated-through holes, a cost savings can be realized. 


The TM4256HE4 is organized as two banks of 256K X 4 selected by RAS1, RAS2; CAS and W which 
are common to all devices. The D and Q signals are common to pairs of devices on opposing sides of the 


' substrate. This configuration requires that only one RAS signal be active during a read or write cycle to . 


prevent data bus contention or writing erroneous data. On refresh cycles (CAS high), RAS1 and RAS2 
can be low at the same time. 





ADVANCE INFORMATION “documents contain 
information on new poet in the sampling or 
preproduction phase of development. Characteristic 
data and other specifications are subject to change 
without notice. 
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Each TMS4256FML is described in the TMS4256 data sheet and is fully electrically tested and processed 
according to TI's MIL-STD-883B (as amended for commercial applications) flows prior to assembly. After 
assembly onto the substrate, a further set of electrical tests is performed. 


operation 
The TM4256HE4 operates as eight TMS4256s connected as shown in the functional block diagram. Refer 
to the TMS4256 data sheet for details of its operation. 

specifications 
For TMS4256 electrical specifications, refer to the TMS4256 data sheet. 


single-in-line package and components 


PC substrate: 1,14 mm (0.045 inch) minimum thickness 
Bypass capacitors: Multilayer ceramic 
Leads: Tin/lead solder coated over phosphor-bronze 
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functional block diagram 
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RAS1 
RAS2 
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D2 


D3 


D4 
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TI single-in-line package nomenclature 
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™ 


Tl 
MODULE 


MEMORY 







WORD WIDTH 
OUTPUT 


(61 x 11,4 mm) 
(2.4 x 0.45 Inches) 


-15 L 







TEMPERATURE 
RANGE 





Max Access L O°C to 70°C 
—12 120 ns 
—15 150 ns 
-20 200 ns 
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SEPTEMBER 1985 — REVISED NOVEMBER 1985 





16,384 X 8 Organization | U SINGLE-IN-LINE PACKAGE 
{TOP VIEW) 


Single 5-V Supply (10% Tolerance) 
30-Pin Single-in-Line Package (SIP) 


Utilizes Two 16K X 4 Dynamic RAMs in 
Plastic Chip Carrier 


Long Refresh Period . . . 4 ms (256 Cycles) 


@ All Inputs, Outputs, Clocks Fully TTL 
Compatible 


@ 3-State Outputs 
@ Performance Ranges: 


ACCESS ACCESS READ 
TIME TIME OR 
ROW COLUMN WRITE 

ADDRESS ADDRESS CYCLE 


(MAX) (MAX) (MIN) 
TM4416KU8-12 120 ns 70 ns 230 ns 
TM4416KU8-15 150 ns 80 ns 260 ns 


@ Low Power Dissipation: 


OPERATING STANDBY 
(TYP) (TYP) 
TM4416KU8-12 400 mw 30 mw 
TM4416KU8-15 350 mW 30 mw 
@ Operating Free-Air Temperature . . . O°C to 
70°C 
description 


The TM4416KU8 is a 128K, dynamic random- 
access memory module organized as 16,384 x 8 
bits in a 30-pin single-in-line package comprising 
two TMS4416FPL, 16,384 x 4 bit dynamic 
RAM’s in 18-lead plastic chip carriers mounted 
on top of a substrate together with two 0.2 pF 
decoupling capacitors mounted beneath the chip 
carriers. The onboard capacitors eliminate the 
need for bypassing on the motherboard and offer 
superior performance over equivalent leaded 


capacitors due to reduced lead inductance. PIN NOMENCLATURE 





c A0-A7 Address Inputs 
operation CAS Column-Address Strobe 
address (AO through A7) PE 0Ge Date In Pareee 

eee’ : NC No Connection 
Fourteen address bits are required to decode 1 RAS Row-Address Strobe 


of 16,384 storage locations. Eight row-address . 
bits are set up on pins AO through A7 and 
latched onto the chip by the row-address strobe 
(RAS). Then the six column-address bits are set 
up on pins Ai through A6 and latched onto the 


Vpp 5-V Supply 
Vss Ground 
W Write Enable 
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chip by the column-address strobe (CAS). All addresses must be stable on or before the falling edges of 
RAS and CAS. RAS is similar to a chip enable in that it activates the sense amplifiers as well as the row 
decoder. CAS is used as a chip select activating the column decoder and the input and output buffers. 





write enable (W) 


The read or write mode is selected through the write-enable (W) input. A logic high on the Ww input selects 
the read mode and a logic low selects the write mode. The write-enable terminal can be driven from standard 
TTL circuits without a pull-up resistor. The data inputs are disabled when the read mode is selected. The 
grounded output-enable (G) dictates the use of early write cycles to prevent contention on DO. When W 
goes low prior to CAS, the data outputs will remain in the high-impedance state for the entire cycle permitting 
common I/O operation. 


data in (DQ1-DQ8) 


Data is written during a write cycle. The falling edge of CAS strobes data into the on-chip data latches. 
These latches can be driven from standard TTL circuits without a pull-up resistor. In the early write cycle, 
W is brought low prior to CAS and the data is strobed in by CAS with setup and hold times referenced to 
this signal. 


data out (DQ1-DQ8) 








The three-state output buffer provides direct TTL compatibility (no pull-up resistor required) with a fan 
out of two Series 74 TTL loads for each output. Data out is the same polarity as data in. In a read cycle 
the outputs go active after the access time interval ta(c) that begins with the negative transition of CAS 
as long as ta(R) | is satisfied. The outputs become valid after the access time has elapsed and remain valid 
while CAS is low; CAS going high returns it to a high-impedance state. In the early write cycle, the outputs 
are always in the high-impedance state. In the early write cycle, the outputs are always in the high- 
impedance state, a necessity due to the grounded output enable. 


refresh 


A refresh operation must be performed at least every four milliseconds to retain data. Since the output 
buffers are in the high-impedance state unless CAS is applied, the RAS-only refresh sequence avoids any 
output during refresh. Strobing each of the 256 row addresses (AO through A7) with RAS causes all bits 
in each row to be refreshed. CAS can remain high (inactive) for this refresh sequence to conserve power. 


page mode 


Page-mode operation allows effectively faster memory access by keeping the same row address and strobing 
successive column addresses onto the chip. Thus, the time required to setup and strobe sequential row 
addresses for the same page is eliminated. To extend beyond the 64 column locations on a single module, 
the row address and RAS are applied to multiple modules. CAS is then decoded to select the proper 
module. 


power up 


After power up, the power supply must remain at its steady-state value for 1 ms. In addition, the RAS 
input must remain high for 100 us immediately prior to initialization. Initialization consists of performing 
eight RAS.cycles before proper device operation is achieved. 


single-in-line package and components 


PC substrate: 0,79 mm (0.031 inch) minimum thickness 
Bypass capacitor: Multilayer ceramic 
Contact area for socketable devices: Nickel plate and solder plate on top of copper 
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logic symbol! t , functional block diagram 


RAM 16K x 8 (4) 


20D6 Al 
20D7/21D0 r A2 












A7 (15) 
ae RAM 16K x 4 
> c201ROW) pat 
G23/[REFRESH ROW] RAS pa2 paz 
24{PWR DWNI CAS 01 Do3 
w 2 (13) 
pa4 
RAM 16K x 4 
fei pa pas 
cag a2 pas 
> Da3 DQa7 
pa pas 


Dp Vss 





TThis symbol is in accordance with ANSI/IEEE Std 91-1984 and 
IEC Publication 617-12. 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) t 


Voltage range for any pin except Vpp and data out (see Note 1)............... -1.5 Vto 10 V 
Voltage range for Vpp supply and data out with respect to VSS. ..........-2-0006. -1Vto6V 
Short circuit output current... . 0... ee ee ee eee eee eens 50 mA 
Power dissipation... 0.0.0.0... cc ce cee cee tee ee ewan e ene e eee wee ete eas 7. 2W 
Operating free-air temperature range... . 0... 2-2 ee ee ee tee 0°C to 70°C 
Storage temperature range... . 2.2... eee ee ees —65°C to 150°C 


‘TStresses beyond those listed under ‘‘Absolute Maximum Ratings’’ may cause permanent damage to the device. This is a stress rating 
only and functional operation of the device at these or any other conditions beyond those indicated in the ‘Recommended Operating 
Conditions’ section of this specification is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect 
device reliability. 

NOTES: 1. All voltage values in this data sheet are with respect to Vss. ; 


2. Additional information concerning the handling of ESD sensitive devices is available in a document entitled ‘Guidelines for 
Handling Electrostatic-Discharge-Sensitive (ESDS) Devices and Assemblies’’ in Section 12. 
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recommended operating conditions 






Vpp__ Supply voltage p45 55.5 | 
Vss_ Supply voltage te a Pe sl 


Vv = 4.5V 2.4 4.8 
iy ee Vop = 55 ieee ial 


VIL Low-level input voltage (see Notes 3 and 4) -0.6 
TA 



















Operating free-air temperature 





NOTES: 3. The algebraic convention, where the more negative (less positive) limit is designated as minimum, is used in this data sheet 
for logic voltage levels only. : 
4. Due to input protection circuitry, the applied voltage may begin to clamp at — 0.6 V. Test conditions must comprehend this 
occurrence. See Application Report entitled ‘‘TMS4164A and TMS4416 Input Diode Protection’’ on page 9-5. 


electrical characteristics over full ranges of recommended operating conditions (unless otherwise noted) 


PARAMETER TEST CONDITIONS EMESIORUE 12 TAA ISEUE AS UNIT 
MIN TYPt MAX | MIN TYPt MAX 


VoH __ High-level output voltage lon = —2mA 24 | 
VoL Low-level output voltage lo = 4.2 mA : Pi 


Vi = OV to 5.8V, 
+10 
+10 

92 


Input current (leakage) Vop = SV. 





















All other pins = 0 V 


Vpp = 5 V, CAS high 
during read or write cycle Ail outputs open 
After 1 memory cycle, 
Ipp2 =‘ Standby current RAS and CAS high, 
All outputs open 
te = minimum cycle, 
Ipp3 Average refresh current RAS cycling, CAS high, 

All outputs open 










Average page-mode SeIB Ls TPMORL CYS: 
lpp4 sbliatd RAS low, CAS cycling, 
current 
All outputs open 


P2400 
ne ee 
| me | 
ls 
pe 


Tan typical values are at Ta = 25°C and nominal supply voltages. 


capacitance over recommended supply voltage range and operating free-air temperature range, 
f = 1 MHz 


; ; PARAMETER 
Cia) Input capacitance, address inputs 
Ci(Rc) Input capacitance, strobe inputs 


Ci(w) Input capacitance, write-enable input 


Ci/o Input/output capacitance, data ports 
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switching characteristics over recommended supply voltage range and operating free-air temperature 
range : 


} : - KU8- 
PARAMETER TEST CONDITIONS ae PMSA TORUG=12 || UMA TORUE UNIT 
| symBol | MIN MAX | MIN MAX | 
CA 


CL = 100 pF, 

Load = 2 Series 74 TTL gates 
tatcL = MAX, 
CL = 100 pF, 
Load = 2 Series 74 TTL gates 









J 


t 


ta(c) Access time from CAS Cc 






















ta(R) Access time from RAS tRAC 

















timing requirements over recommended supply voltage range and operating free-air temperature range 





epee 
symBot | MIN MAX | MIN MAX | 
| teip) Pagemodecyclotime—SSSCSC~—“‘~*S*~*S*S*~*S~—*—s~*‘sSC | OSC*dSCiAOSCSds 
toy -Readeycletimet ———S~S~—SCSSS tn | 2g SS—*d?CiSS*d Ce 
230 [260s] 
tora Read-writereed-modiiy-wike cycletime ‘(| _tawe [5 +968 ide 
F twvicry Pulse duration, CAS high precharge time)? | tcp | 40_| 50 | ns 
vic) Pulse duration, CASiow————=—SSSCS*~*~*wrCtctg | 70 10,000 | 00 10,000 | ns | 
| twit) Pulse duration, RAS high (precharge time) | tap, — | 80 | 100s 
tuyinty Pals duration, RASiow_——=—SSSS*dtC tags | 120 10,000 | 160 10,000] ne 
twiw) Write pulse duration +‘ _twe_ {30 —~+i| 40d ns 
ty_____‘Transition times (se and fall for RAS and GAS——~| tr | 80 3 50] na _| 
 teu(Ga) _Column-address setuptime SCT (twas OCT CO CSSCOs_ 
[tsuina) _Row-address setup time —=SC~SCSC~i Sw | OCT Cds 
[tsuio) _Datasetuptime —SSSSSCSC~—tsSCST Sts | CTS CdS 
teutrd) _Read-command setuptime ———~—SC~C~Ss Sts | Cd SSC OSSC*dCs 
eur) Write-command setup ime before CAS high | tow | 60 +| 60 ‘| rs _| 
teurwa) Wete-command setup time before RAS high ——~«Ytawt_| 60 ——*«Y60SS«d ne 
tnycucay Column-address hold tine after CAS low ‘| _tcan | 95+ 40——~—S=«dt~n 
thina) _ Row-address hold time a 
[iyatcay _Columnvaddress hold time ater RAS iow | tar [88 —+| 110+ as 
icin) Date hold time after ASiow ———S~sdCS tm | SC«dSSid 
typo) Data hott time after AS iow __—————*i| town | 90 —*(| 130 —S«d ne 
[typtiray _Read-command hold time after RAS igh —=«d—stwvn | 10 —-+| 10 ~S=*dCs 
thicticay Read-command hold time after CAB high ——~(|_tacn_| 0 | 0 | rs _| 
thicuwy —Weite-command hold time after CASiow | wen |_40—*| 60 | rs _| 
thiRLW Write-command hold time after RAS low | twer | 90 | 130 ~~ |] ons | 
tic Delay time, FAS low to CAS righ __——~S~*dt(C cs | 0 ——=«dtCt0 =i; 
“tchin Delay ime, CAS high to FAS iow ———~—~d tcp | OdTS*dS Cs 
tCLRH __Delay time, TAS low to RAS high | trsy | 70 | sons 
Delay time, RAS low AS low 
*RLCL ara bite cabs ae to guarantee access time) *RCD | 2880 | 28 20 jas | 
tWLECL Delay time, W low to CAS low (early write cycle) twcs | -5 | | ons | 
ee |_ms | 





tre Refresh time interval — 


TA! cycle times assume te = Ons. 
tPage mode only. 
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read cycle timing 


te(rd) 
I 
ee a, en! 
; ! VIH 
RAS Vit 
—+ fe— & he——— tcLRH——o} fe twiRH) > 
| oe cates elt ict Se een 
| i — = “a : 
CHS i . 
Vv 
= fo tsuira) | | plese a 
be nice —el 1 4 


i get fet — strc | ! 
no 47 DET ED OMEaELIOON - 


Vit 
hel be thintra) 


thiCLCA) | | | 


mai | | a th(CHrd) 


a CA EXERT EEERNS 
| | | 


— 
| ——s tdis(CH) 
: VOH 
pa1-pa8 Se VALID OUTPUT 


}-————taipy ——— . os 
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early write cycle timing 


--—_———_———tetw) ——______—-» 
| 
| j—_____~—. tw(RL) ——_—__—» | | 
| [ { Vit 


pec eceas: pe! tcLaH———— [o> Metre 


| be— tric. —oy le— tcHr. —of 
: | je—_—_-—. ar Il tt : 
be twict) ViH 
CAS || H Nv 
tsu(RA) —}o->| | —| [77 tsuical { be—— twicH)-———e 


| l-—_—. ea | | 
t thic 
niRaj—je—o] | | fe—et- thicica) 14 


; : ; Vv 
ao -a7 X) RPK conumn XXX) DONT CAREX) is 






e tsu(WRH) 
| thiuw)———— 
k-— hic —| 
| 40 RS yy NIH 
w RET Eee, 1! AYR EEOKK 
| bh 
i ww) ——el 
1 | be— thicin —o! 
/+——trirto). ———2 


VIH 








sits CX EST EERKKK 
|e tsui0) . 
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LOOL2 SVX3L ‘NOLSNOH @ Evvl XOB 3D1d30 LSOd 


vv7e-s 


SLNAWNULSN 


cy SVX4I 


S3INPOWW WW dweudg 


SS 


eremenene 


ia 


Buruny ajoAo pea: spow-efed 


ol 
| rc) I letwiR 
— he tt Sd EE -—tcLtrH—4 | 

: | le—tcuri—el 


! 
tRLCL | La ict 2 
r 7 re be—twict—o| [—twicrs—a ‘7 


i: | | 
thiRA) | feo} thicical | Pat meron | ee 
| 


i?) 
> 
a 


| Jeucei —e f ql 
suareflt | | “het tsutcay | aia fel [! 


\/ \/ 
ow Weed GSH REE IN OES 
| ke} third) 
| ' : ee | ! | iW | 
| i | } | 
l othe teuiea) —aflenjcst thiCHrd) -<l le— al es ft thichra) 
‘ t- 
_ , DON'T! 
W DON'T CARE ! ! | : ) | CARE 
-}—— sir} | | 


| 
| ae | tb taisicH) | jeet- taisicn 


—_—______—_ia SET VALID 
DQa1-Da8 OUTPUT, OUTPUT OUTPUT. 


Lvl 0 ! je—taic)—>4 | 


NOTE 5: A write cycle or a read-modify-write cycle can be intermixed with read cycles as long as the write and read-modify-write timing specifications are not violated. 


VIH 


Vin 


ViH 


ViH 


VOH 


VoL 


BNSLPPINL 


~JTNGOW WV DIAWNAG LId-8 Ad P8e'9l 


LoOdZ SYX3L 'NOLSNOH @ E¢vl XOG 391440 LSOd 


SLNAWNUISN] 


dy SVX4L 


Svc-S 


~—_—_—— wir) ——_ +} 


RAS 
tRLCH —————>} 
| rr te(P) 
—| et | | je— tcLRH ——>} | 
| fo trLCL—o twiCH) | I tcHRL >| 
| | | fe ‘wien te | Poa | I 
TAS 1] 


| 

thiRA) | leo thicica) | | 
| 

| 


thiRLCA) 


1 
| 

| al 
thicicay! | feof trictca) 
| | 

tua | | Je tsuca) | feat | flan , 














x) 
| | Lot nicuwl I | | . 1 | {1 
ee | | Paes - aa 
| stor —ol I tsu(WCH) i Ir tsu(WCH) 
| | | | | | Lap swciw 
= x) F | y VV VV VY VY ¥¥ i Room 1, | AeEpucCCUCUUUCUYS 
yw oe. O o¢ 
] tt lu (! 
l twiW) twiW) tw(W) 
teu(D)—Jo—a| | tauio) fo | tsu eel | 
ly bsp mewn) | ee th(WLD) | f#———+¢ thw) 
; 
pai -pas 3 60M, UT TE ee, OT eT. UT UT Ge, 69990908026 OS VT TT a oo 6.6 09'0 0606060086: 






| L-—}- th(CLD) eae th(CLD) ead th(CLD) 


ae th(RLD) —+| 


NOTE 6: A read or a read-modify-write cycle can be intermixed with write cycles as long as read .and read-modify-write timing specifications are not violated. 
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VIH 


Vind 


Vit 


VIH 


ViL 


VIH 


VIL 
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RAS-only refresh timing 


fe $$ $$$—t.ir4) —————— 


KKK? Bow care KAM) 














| 
Jo thina) ~>f 
J> tsuiRa) > : 
VIH 
Y, ’ Y, AKAAA/ g LAMA 
XX cont caReER KM ow AXXXXXKK CONT CAREX KKK 
XXX? TIAA ; AAAI IH 
W PARK R ELK KARIN oo KKK KR EKXREKK EN, 
: " Vin/VOH 
pai- AMN\ANM\A/ WAS//V/V/ - LVS JJVJSVJfJVJVJ\ A AAA / 
pas AXXKK XXX KX XXXAAK ONT CAREX KAKA AKA ViVoL 
TI single-in-line package nomenclature 
™ 4416 K U 8 -15 L 
MODULE DEVICE CONFIGURATIONA DIMENSIONS OUTPUT RANGE 
(88,9 x 16,5 mm) Max Access L O°C fo 70°C 
(3.5 x 0.65 Inches) -—12 120 ns 
~15 150 ns 
| Texas 
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OCTOBER 9185 — REVISED NOVEMBER 1985 





@ 65,536 X 8 Organization U SINGLE-IN-LINE PACKAGE 
TOP VIEW 
© Single 5-V Supply (10% Tolerance) 
® 30-Pin Single-in-Line Package (SIP) 
®@ Utilizes Two 64K X 4 Dynamic RAMs in Vv 
. . . DD 
Plastic Chip Carrier CAS 
@ Long Refresh Period .. . 4 ms (256 Cycles) DQ1 
AO 
All Inputs, Outputs, Clocks Fully TTL Al 
Compatible pa2 
@ 3-State Outputs A2 
A3 
Performance Ranges: Vss 
ACCESS ACCESS READ DQ3 
TIME . ‘TIME OR A4 
ROW COLUMN ~~ WRITE AS 
ADDRESS ADDRESS - CYCLE p04 
(MAX) (MAX) (MIN) 6 
TM4464LU8-12. 120 ns 60ns  230ns A 
TM4464LU8-15 150 ns 75 ns 260 ns A7 
Fogo heen tg DAS 
@ Low Power Dissipation: ic 
OPERATING STANDBY NC 
(TYP) (TYP) NC 
TM4464LU8-12 650 mw 25 mW Das 
TM4464LU8-15 550 mW 25 mW : Ww 
© Operating Free-Air Temperature.:.O0°C to — _Vss 
70°C DQ7 
gett _Vss 
description — pas 


NC 
RAS 
NC 
NC 


Vpp 


The TM4464LU8 is a 512K, dynamic random- 
access memory module organized as 65,536 x8 
bits in a 30-pin single-in-line package comprising 
two TMS4464FML, 65,536 x4 bit dynamic 
RAM's in 22-lead plastic chip carriers mounted 
on top of a substrate together with two 0.2 pF 
decoupling capacitors mounted beneath the chip 
carriers. The onboard capacitors eliminate the 


need for bypassing on the motherboard and offer PIN NOMENCLATURE 
superior performance over equivalent leaded 





capacitors due to reduced lead inductance. AO-A7 Address Inputs 
F CAS Column-Address Strobe 
operation pa1-pas Data In/Data Out 
address (AO through A7) NC No Connection 


RAS Row-Address Strobe 


Fourteen address bits are required to decode 1 
of 65,536 storage locations. Eight row-address 
bits are set up on pins AO through A7 and 
latched onto the chip by the row-address strobe 
(RAS). Then the six column-address bits are set up on pins A1 through A6 and latched onto the chip by 
the column-address strobe (CAS). All addresses must be stable on or before the falling edges of RAS and 
CAS. RAS is similar to a chip enable in that it activates the sense amplifiers as well as the row decoder. 
CAS is used as a chip select activating the column decoder and the input and output buffers. 


Vop 5-V Supply 
Vss Ground 
Ww Write Enable 
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write enable (W) 


The read or write mode is selected through the write-enable (W) input. A logic high on the W input selects 
the read mode and a logic low selects the write mode. The write-enable terminal can be driven from standard . 
TTL circuits without a pull-up resistor. The data inputs are disabled when the read mode is selected. The 
common |/O feature of the TM4464LU8 dictates the use of early write cycles to prevent contention on 
DQ. When W goes low prior to CAS, the data outputs will remain in the high-impedance state for the entire 
cycle permitting common I/O operation. 


data in (DQ 1-DQ8) 


Data is written during a write cycle. The falling edge of CAS strobes data into the on-chip data latches. 
These latches can be driven from standard TTL circuits without a pull-up resistor. In the early write cycle, 
W is brought low prior to CAS and the data is strobed in by CAS with setup and hold times referenced to 
this signal. 


data out (DQ1-DQ8) 


The three-state output buffer provides direct TTL compatibility (no pull-up resistor required) with a fan 
out of two Series 74 TTL loads for each output. Data out is the same polarity as data in. In a read cycle 
the outputs go active after the access time interval ta(c) that begins with the negative transition of CAS 
as long as ta(R) is satisfied. The outputs become valid after the access time has elapsed and remains valid 
while CAS is low; CAS going high returns it to a high-impedance state. In the early write cycle, the 
outputs are always in the high-impedance state, a necessity due to the grounded output enable. 


refresh 


A refresh operation must be performed at least every four milliseconds to retain data. Since the output 
buffers are in the high-impedance state unless CAS is applied, the RAS-only refresh sequence avoids any 
output during refresh. Strobing each of the 256 row addresses (AO through A7) with RAS causes all bits 


in each row to be refreshed. CAS can remain high (inactive) for this refresh sequence to conserve power. 
page mode 


Page-mode operation allows effectively faster memory access by keeping the same row address and strobing 
successive column addresses onto the chip. Thus, the time required to setup and strobe sequential row 
addresses for the same page is eliminated. To extend beyond the 64 column locations on a single module, 
the row address and RAS are applied to multiple modules. CAS is then decoded to select the proper 
module. ; 


power up 


After power up, the power supply must remain at its steady-state value for 1 ms. In addition, the RAS 
input must remain high for 100 us immediately prior to initialization. Initialization consists of performing 
eight RAS cycles before proper device operation is achieved. 


single-in-line package and components 


PC substrate: 0,79 mm (0.031 inch) minimum thickness 
Bypass capacitors: Multilayer ceramic 


’ Contact area for socketable devices: Nickel plate and solder plate on top of copper 
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logic symbolt functional block diagram 


RAM 64Kx8 AO 
20D8/21D0 Al 








RAM 64K x 4 


pat 
Da2 





G23/[REFRESH ROW] 
24[PWR DWN] Ww 


RAM 64K x 4 
AO-A7 





TThis symbol is in accordance with ANSI/IEEE Std 91-1984 and 
IEC Publication 617-12. 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) tT 


Voltage range for any pin except Vpp and data out (see Note 1)............... -1.5Vto 10 V 
Voltage range for Vpp supply and data out with respect to VSS.............0000 -1Vto6BV 
Short circuit output Current... 20... . ee ee ee ee ee eee tee eee 50 mA 
POWEF: GISSID ATION de gess.53. Seems BE ak erie. ok Seine Sarre Aa hing Le cE wy ih is Ag Geb DUA BDA Maw able wld eae we PEA 2W 
Operating free-air temperature range... 1.6... te tee ee eee 0°C to 70°C 
Storage temperature range... 2... ee eee eee —65°C to 150°C 


TStresses beyond those listed under ‘‘Absolute Maximum Ratings’’ may cause permanent damage to the device. This is a stress rating 
only and functional operation of the device at these or any other conditions beyond those indicated in the ‘‘Recommended Operating 
Conditions’ section of this specification is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect 


device reliability. 
NOTES: 1. All voltage values in this data sheet are with respect to Vgs. 


‘2. Additional information concerning the handling of ESD sensitive devices is available in a document entitled ‘‘Guidelines for 


Handling Electrostatic-Discharge-Sensitive (ESDS) Devices and Assemblies’”’ in Section 12. 
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recommended operating conditions 


Vpp__ Supply voltage P4500 5 6.5] VO 


Vv 
Vss Supply voltage _ 


Vpp = 4.5 V 
’ Vpp = 5.5 V 
Vit Low-level input voltage (see Note 3) 
TA Operating free-air temperature 


ViH High-level input voltage 





NOTE 3: The algebraic convention, where the more negative (less positive) limit is designated as minimum, is used in this data sheet 
for logic voltage levels only. 


electrical characteristics over full ranges of recommended operating conditions (unless otherwise noted) 


. 
[Von High-level output voltage_|low=-2mA | 2] 
F Vou _tow-level output voltage [lon =42mA | SCC‘ 
Vv; = OV to 5.8 V, 
Vop = 5V, 
: All other pins = OV 


Vo = 0.4Vto 5.5 V, 
! Output t (leak: +10 +10 A 
: Meu currone leakage) | Von = 5 v. CAS high pt | 
Average o ti t te = minimum cycle, 
(nei ver ge opera ing curren c=m ycle 130 160 =r 
during read or write cycle All outputs open 


After 1 memory cycle, 
RAS and CAS high, 

All outputs open 
te = minimum cycle, — 
RAS cycling, CAS high, 
All outputs open 
te(p) = minimum cycle, 
RAS tow, CAS cycling, 
All outputs open 
















y Input current (leakage) 






























lop2 Standby current 








Ipp3 Average refresh current 















Average page-mode 


I 
Pee current 





Tall typical values are at Ta = 25°C and nominal supply voltages. 


capacitance over recommended supply voltage range and operating free-air temperature range, 
f = 1 MHz 


PARAMETER 
Cita) Input capacitance, address inputs 
Circ) _ Input capacitance, strobe inputs 


Ciw Input capacitance, write-enable input 
Cifo Input/output capacitance, data ports 
Co(vDp) Decoupling capacitance 
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switching characteristics over recommended supply voltage range and operating free-air temperature 
range 


TM4464LU8-12 | TM4464LU8-15 
: ea ea Tuessatve-2 | rmsaseLve6 aa 
PARAMETER ST CONDITI vine oe er era 
CL = 100 pF, 
time from CAS 70 
Sa(C) 2 RPS ate Hare Load = 2 Series 74 TTL gates meme 


co a at 
tRAC 


CL = 100 pF, 
timing requirements over recommended supply voltage range and operating free-air temperature range 


Load = 2 Series 74 TTL gates 
aN a 12 aan me 15 
auok 


te(P} Page-mode cycle time Se 


te(rd) Read cycle timet | tre | aes 
tc(w) Write cycle time two | 730 
te(rdW) Read-write/read-modify-write cycle time a 


tw(CH) Pulse duration, CAS high (precharge time)* 
— Pulse duration, CAS low 10,000 





























ta(R) Access time from RAS 













UNIT 
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80 10,000 


109 











aon 
vy 









ruise duration, RAS ingit (precitaiye iime) tHe 

twity Pulse duration, RAS low ___———=~SCS*dtC tag | 920 10,000 | 150105000 | 
SS SI aS ET O_O 
eso i ri fa) for AS on OAS 
i aa ee eo 
[touiRa) __Row-eddress setuptime ——~—=SC~CS tvs CTO —i*d 
tou(d) Data setuptime SSCS Sts | SCT TCS 
[tsulra) Read-command setuptime __——=—S~S~S iwc fe CdCSCCC*d 
T tsuiwon) Write-command setup time before CAB high | tom | 80 _| 60 _— 
 seuwris) Wete-command setup ume before RAS wigh | trwe_| 80 | 60 
F tnicica) Column-address hold time after CAS iow | tcaw | 98 | 40__ 
tan [20 | 30 id 
ies caidas adenomas = — eae I ee ro 2 
Ftnictp) Data hold time after CASlow ————SS~sSCt YASS 
tna) Date hott ume ater RAS iow _———S~S~d tow | 90 —*«? a0 
Thun) —_Read-command hold time after MAS high | tan | 10 | 10+ 
tnichray Read-command hold time after CAS high | _tacy_| 0 | 0 _| 
tnicuw) _Weite-command hold tine after CASiow | wen |_40_ | 60 __| 
Tinyarw) —_Wate-command hold time after FAS Iow | twer | 90 | 130 
tnucy Delay time, FAS iow to CAShigh _———~S~*d~tcgn | 920 ——~«dtCS 

tCHRL Delay time, CAS high to RAS low | tere {| OF |  o | 

tcLRH _Delay time, TAS low to RAS high | trash | 70 | oo 

tee Delay time, RAS low to CAS low mee | 30 | 3070 

(maximum value = only to guarantee access time) 

wes | -5 | -8 
[ict Reto sie intervie [a 


TAIl cycle times assume ty = 5 ns. 
+Page mode only. 
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read cycle timing 
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early write cycle timing 
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v, | WK XE AIT CH 
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S3|NPOW INWH dweudg 
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fete 4 wl fiw .- Ie-tcxm 4 


t 


re tw(CL) be—twict) —o| w(CL) —-| | Vin 
CAS 1] 
ey ee a a a Vi 


| | 
tina aI feof tnicicay ! | F=f meron | [eee vnretca) 1 
| fecthinucal —} | 7 | [3 yl 
eee aie: | Bina a sty Ls 


Vin 
XX XX Xi 


| keet— thiRHrd) 


| | | Sites | i I 
Vy | | ; | 


| 
| 
| elle tguira) ib fora th(cHrd) = ke— -o| tsu(rd) fob tnicHra) 


' | ! ! he 
WwW RATER ! vn | RY KY | | TREY a 
| | 
ee 


$e ——+ | | 
Lvs I a eae | 


| lef tdis(CH) t—*t- tdis(CH) . | Repeat 


VALID VALID Gare 
DQ1-DQ8. OUTPUT, OUTPUT CourPut) 


NOTE 4: A write cycle or a read-modify-write cycle can be intermixed with read cycles as long as the write and read-modify-write timing specifications are not violated. 
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yee PP yO fe— tc. —oy | 


| I *RLCL—o | | twiCH) | 7 tcHRL —>| 
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oe ee a 
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th(RA) leo thiCLCA) feof th(CLCA) ++ th(CLCA) 
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CARRERAS (XRARRAARD cry rf, \ARAAP A LR EZSZERERRAR) 
me GFDoN'T CARER con ERY DON'T CARE RR CONT cane RS 
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| | | thiCLW) I tsu(WRH) —»4 
= thiRLW)—+ _| 
Vt =] [4 és Ir- tsu(WCH) 
| je— teutwen) Je— tsutwoH)—» ; ; 
—e fT pa | es 
¢ OO « oe. a) 3 ooee 
Vy] | 
tsu(D) | | tsu(D) || | ts sarees | 
Ly bap sms l bb ns | j++ thew) 
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NOTE 5: A read or a read-modify-write cycle can be intermixed with write cycles as long as read and read-modify-write timing specifications are not violated. 
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RAS-only refresh timing 


Ss ——— 


( fe—— twine) = . | 














\ VIH 
ane | | J Vin 
ly . | eo twin) ——2 
sos a 1 be 
fF cae Wa 
' 
Vin 
v /V/Y ¥ fi Y, 
| AK, 206s ar OOD) 
i { 
at 
J tsuiRa) > 
Vin 
V/V /V/\/ \I\/ V/\ / 
XX don cane XX) ad QOCXXKAK, 20877 CAREC 
KXXKKAXKXKA y, XKKKKKX XK KK KKK 7 ViH 
RK Boe ORK KKK KKK x va 
pa1- KAKA KAAIVV ; YYYYVX LAK? o% Vin/VOH 
pas ¢ XX ¢ XXX C04 OX XXX A DONT CAREX XKXXAK Xx) XXX (xX () XXX) VN WiLVoL 
TI single-in-line package nomenclature 
-15 
MODULE DEVICE CONFIGURATIONA DIMENSIONS OUTPUT RANGE 
(88,9 x 16,5 mm) Max Access LO0°C to 70°C 
(3.5 x 0.65 Inches). ~12 120 ns 
-15 150 ns 
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A 


ATTENTION 


These devices contain circuits to protect the inputs and outputs against damage 
due to high static voltages or electrostatic fields; however, it is advised that 
precautions be taken to avoid application of any voltage higher than maximum- 
rated voltages to these high-impedance circuits. 


Unused inputs must always be connected to an appropriate logic voltage level, 
preferably either supply voltage or ground. 


Additional information concerning the handling of ESD sensitive devices is 
provided in Section 12 in a document entitled ‘’Guidelines for Handling 
Electrostatic-Discharge-Sensitive (ESDS) Devices and Assemblies.”’ 


TMS2732A 
32,768-BIT ERASABLE PROGRAMMABLE READ-ONLY MEMORY 


AUGUST 1983 — REVISED NOVEMBER 1985 





Organization . .. 4096 X 8 
J PACKAGE 
Single 5-V Power Supply (TOP VIEW) 


All Inputs and Outputs Are TTL Compatible 


Max Access/Min Cycle Time 
TMS2732A-17 170 ns 
TMS2732A-20 200 ns 
TMS2732A-25 250 ns 
TMS2732A-45 450 ns 


@ Low Standby Power Dissipation... 
158 mW (Maximum) 


@ JEDEC Approved Pinout .. . Industry 
Standard 


@ 21-V Power Supply Required for 
Programming 





@ N-Channel Silicon-Gate Technology 


@ PEP4 Version Available with 168 Hour 
Burn-in and Guaranteed Operating 
Temperature Range from — 10°C to 85°C 
(TMS2732A-..JP4) 


PIN NOMENCLATURE 


AO-A11 Address Inputs 
E Chip Enable 
G/Vpp Output Enable/21 V 
GND Ground 

Outputs 

5-V Power Supply 








description 
The TMS2732A is an ultraviolet light-erasable, electrically programmable read-only memory. It has 32,768 


bits organized as 4,096 words of 8-bit length. The TMS2732A only requires a single 5-volt power supply 
with a tolerance of +5%. 


The TMS2732A provides two output control lines: Output Enable (G) and Chip Enable (E). This feature 
allows the G control line to eliminate bus contention in multibus microprocessor systems. The TMS2732A 
has a power-down mode that reduces maximum power dissipation from 657 mW to 158 mW when the 
device is placed on standby. 


EPROMs/PROMs G 


This EPROM is supplied in a 24-pin dual-in-line ceramic package and is designed for operation from 0°C 





to 70°C. 
} 
. PRODUCTION DATA documents contain information : Copyright © 1985, Texas Instruments Incorporated 
current as of publication date. Products conform to ff 
specifications per the terms of Texas Instruments 
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TMS2732A 
32,768-BIT ERASABLE PROGRAMMABLE READ-ONLY MEMORY 





operation 
The six modes of operation for the TMS2732A are listed in the following table. 


Power Down ae Inhibit 
R Desel 


(9 to 11, 
13 to 17) 


a 


X = Ww or Vit 


read 


The two control pins (E and G/Vpp) must have low-level TTL signals in order to provide data at the outputs. 
Chip enable (E) should be used for device selection. Output enable (G/Vpp) should be used to gate data 
to the output pins. 


power down 


The power-down mode reduces the maximum power dissipation from 657 mW to 158 mW. A TTL high- 
level signal applied to E : selects the power-down mode. In this mode, the outputs assume a high-impedance 
state, independent of GiVpp. 


program 


The programming procedure for the TMS2732A is the same as that for the TMS2532, except that in the 
program mode, G/Vpp is taken from a TTL low level to 21 V. 


The program mode consists of the following sequence of events. With the level on G/Vpp equal to 21 V, 
data to be programmed is applied in parallel to output pins Q8-Q1. The location to be programmed is 
addressed. Once data and addresses are stable, a 10-millisecond TTL low-level pulse is applied to E. The 
maximum width of this pulse is 11 milliseconds. The programming pulse must be applied at each location 
that is to be programmed. Locations may be programmed in any order. 


’ Several TMS2732As can be programmed simultaneously by connecting them in parallel and following the 
programming sequence previously described. 


program verify 


After the EPROM has been programmed, the programmed bits should be verified. To verify bit states, G/Vpp 
and E are set to VjL. 


program inhibit 


The program inhibit is useful when programming multiple TMS2732As connected in parallel with different 
data. Program inhibit can be implemented by applying a high-level signal to E of the device that i is not 
to be programmed. 





TEXAS 4 
‘INSTRUMENTS 


POST OFFICE BOX 1443 @ HOUSTON, TEXAS 77001 


. TMS2732A 
32,768-BIT ERASABLE PROGRAMMABLE READ-ONLY MEMORY 





erasure 


The TMS2732A is erased by exposing the chip to shortwave ultraviolet light that has a wavelength of 
253.7 nanometers (2537 angstroms). The recommended minimum exposure dose (UV intensity x exposure 
time) is fifteen watt-seconds per square centimeter. The lamp should be located about 2.5 centimeters 
(1 inch) above the chip during erasure. After erasure, all bits are at a high level. It should be noted that 
normal ambient light contains the correct wavelength for erasure. Therefore, when using the TMS2732A, 
the window should be covered with an opaque label. 


logic symbolt 


EPROM 4096 x 8 
0 











EPROMs/PROMs ° 


TThis symbol is in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12. 


‘absolute maximum ratings over operating free-air temperature range (unless otherwise noted) Tt 


Supply voltage range, VCC... 2. ce eee et ee ee eee eee teens -0.3 Vto7V 
Supply voltage range, Vpp..... 2.2.2... eee ee ee eee ep eee eens -0.3 V to 22 V 
Input voltage range (except program).......... Rina gis Hat nes oe ates Massie at sd ~0.3Vto7V 
Output voltage range isso ses es aie ea aed Saw Bw a be a eda aoe ate ete (ee aa eee SIDE -O0.3Vto7V 
Operating free-air temperature range... 2... eee cence nees 0°C to 70°C 
Storage temperature range ......... 0... cee eee tence eee eaes —65°C to 150°C 


tT Stresses beyond those listed under ‘Absolute Maximum Ratings’”’ may cause permanent damage to the device. This is a stress rating 
only and functional operation of the device at these or any other conditions beyond those indicated in the ‘‘Recommended Operating 
Conditions’’ section of this specification is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect 


device reliability. 
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recommended operating conditions 








Vcc Supply voltage (see Note 1) 4.75 5 5.25 
Vep Supply voltage (soe Noto 2 7 


ViH High-level input voltage 2 Vec+1 
Vit Low-level input voltage -0.1 0.8 
Ta Operating free-air temperature 


NOTES: 1. Vcc must be applied before or at the same time as Vpp and removed after or at the same time as Vpp. The device must 
, not be inserted into or removed from the board when Vpp or Vcc is applied. 
2. Vpp can be connected to Vcc directly (except in the program mode). Vcc supply current in this case would be Icc + Ipp. 
During programming, Vpp must be maintained at 21 V (40.5 V). 





electrical characteristics over full ranges of recommended operating conditions 


PARAMETER TEST CONDITIONS | MIN MAX | UNIT 












Von Honea vange | ge eon Cid 
[Voi Low-level output voltage | SCs = ema SSCSC~CSCSSSCSC | 


ICC1 VCC supply current (standby) E at VIH, G at VIL ; 
Icc2. | Vec supply current (active) and G at Vit. 


Capectance over recommended supply voltage range and operating free-air temperature range, 
f = 1 MHz , 


PARAMETER TEST CONDITIONS Typ* MAX | UNIT: 
ese. 28 
Co Output capacitance / Vo = OV | 812 | pF 


t These parameters are tested on sample basis only. 
+Typical values are at Ta = 25°C and nominal voltages. 





switching characteristics over recommended supply voltage range and operating free-air 
temperature range 


PARAMETER 


taiA Access time from address 
tale Access time from E ; 
ten(G Output enable time from G 





TEST T™MS2732A-17 | TMS2732A-20 |TMS2732A-25| TMS2732A-45 UNIT 
CONDITIONS| MIN MAX | MIN MAX | MIN MAX | MIN MAX. | 
po [200 | 280 
eee leo age 200) 280. 
1 Series 74 




































70} 100 | —_—i150 | 
Toa | 
t Output disable time from E : . 

tdis ~~ : : t-s20 ns, 

or G, whichever occurs first 

—— tes20 ns, 

Output data valid time after Z 
t change of address, E, or G, mee Figure. 
vA) ; 2 as : and Note 3 

whichever occurs first 





NOTE 3: ‘The timing reference levels for inputs and outputs are 0.8 V and 2 V. Input pulse levels are 0.40 V and 2.4 V.- 
tValue calculated from 0.5 V delta to measured output level. This parameter is only sampled and not 100% tested. 
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recommended conditions for programming, TA = 25°C (see Note 4) 


po ax | 
ViL i : 


Low-level input voltage : 


thivpp) Vpp hold time ; 


tEHD Delay time, data valid after E low 





NOTE 4: When programming the TMS2732A, connect a 0.1 »F capacitor between Vpp and GND to suppress spurious voltage transients 
which may damage the device. ; 


programming characteristics, TA = 25°C 


PARAMETER TEST CONDITIONS MIN TYP MAX 


ViH___ High-level input voltage i 
iL Low-level input voltage eae ees eae en 
L 





Vv a 
VOH High-level output voltage (verify) loy = —400 pA 
Vv 2 


Oo Low-level output voltage (verify) 
| 
P 





EPROMs/PROMs i. 
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TMS2732A 
32,768-BIT ERASABLE PROGRAMMABLE READ-ONLY MEMORY 





PARAMETER MEASUREMENT INFORMATION 


2.09 V 


Ri, = 7800 
OUTPUT 
UNDER TEST 


= 100 pF 


FIGURE 1. TYPICAL OUTPUT LOAD CIRCUIT 


read cycle timing 


VIH 
A0-A11 
VIL 


| fe tyia) >| 
~ ten(G) VIH 
GiVpp 
ViL 
tala) ——o tdis 
VOoH 
Q1-08. 
VOL 
standby mode 
: VIH 
AO-A11 
Vit 
= VIH 
E 
Vit 
ae I fe- tale) 
VOH 
eo HI-Z 
VoL 
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program cycle timing 


| VIH 
AO-A11 ADDRESS N 'Y ADDRESS N+1 


ViL 
tsulA) —f— >] fo-— thiA) —oy 












a8 Vin/VOH 
Q1- 
Vir/VoL 
t ta; 
tr(PG)G > sui) | dis(PR) J 
G 1 | PP 
G/Vpp ' 
ViL 
tsu(VPP) | 
| ViH 
E 
VIL 
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TMS2764 
65,536-BIT ERASABLE PROGRAMMABLE READ-ONLY MEMORY 


JULY 1983 — REVISED NOVEMBER 1985 





Organization... 8192 X 8 J PACKAGE 
(TOP VIEW) 
Single 5-V Power Supply 


Pin Compatible with TMS2732A EPROM 
All Inputs and Outputs Are TTL Compatible 


Max Access/Min Cycle Time 
TMS2764-17 170 ns 
TMS2764-20 200 ns 
TMS2764-25 250ns 
T™TMS2764-45 450 ns 


@ Low Standby Power Dissipation. . . 
184 mW (Maximum) 


JEDEC Approved Pinout 


21-V Power Supply Required for 
Programming 


@ Fast Programming Algorithm 
N-Channel Silicon-Gate Technology 





has 65,536 bits organized as 8,192 words of 
8-bit length. The TMS2764-17 only requires a 
single 5-volt power supply with a tolerance of 
+5%, and has a maximum access time of 
170 ns. This access time is compatible with 
high-performance microprocessors. 


PEP4 Version Available with 168 Hour Address Inputs 
Burn-in and Guaranteed Operating _ Chip Enable 
_Temperature Range from — 10°C to 85°C Output Enable Ls 
(TMS2764-_.JP4) Ground 
No Connection wo. 
. Program 
description Outputs = 
The TMS2764 is an ultraviolet light-erasable, 5-V Power Supply He 
electrically programmable read-only memory. It _ 21-V Power Supply ms 
= 
O 
fom 
a 
Lu 


The TMS2764 provides two output control lines: Output Enable (G) and Chip Enable (E). This feature allows 
the G control line to eliminate bus contention in microprocessor systems. The TMS2764 has a power- 
down mode that reduces maximum power dissipation from 150 mA to 35 mA when the device is placed 
on standby. 


This EPROM is supplied in a 28-pin, 15,2-mm (600-mil) dual-in-line ceramic package and is designed for 
operation from O°C to 70°C. 


operation 


The six modes of operation for the TMS2764 are listed in the following table. 


current as of publication date. Products conform to 
specifications per the terms of Texas Instruments 
standard werredty: Production processing does not 
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TMS2764 | 
65,536-BIT ERASABLE PROGRAMMABLE READ-ONLY MEMORY 























FUNCTION 
(PINS) Read Output Power Down Fast Program Inhibit 
ea ; 
Disable (Standby) Programming . Verification Programming 


ee 
ee 







VIH 
Xx 
x 


The two control pins (E and G) must have low-level TTL signals in order to provide data at the outputs. 
Chip enable (E) should be used for device selection. Output enable (G) should be used to gate data to the - 
output pins. 






: a1-08 
(11 to 13, 
15 to 19) 





X = Vyy or Vit 


read 


power down 


The power-down mode reduces the maximum active current from 150 mA to 35 mA. A TTL high-level 
signal applied to E selects the power-down mode. In this mode, the outputs assume a high-impedance 
state, independent of G. 


erasure 


Before programming, the TMS2764 is erased by exposing the chip to shortwave ultraviolet light that has 
a wavelength of 253.7 nanometers (2537 angstroms). The recommended minimum exposure dose (UV 
intensity x exposure time) is fifteen watt-seconds per square centimeter. A typical 12 mW/cm2 UV lamp 
will erase the device in approximately 20 minutes. The lamp should be located about 2.5 centimeters 
(1 inch) above the chip during erasure. After erasure, all bits are at a high level. It should be noted that 
normal ambient light contains the correct wavelength for erasure. Therefore, when using the TMS2764, 
the window should be covered with an opaque label. 


fast programming 
Note that the application of a voltage in excess of 22 V to Vpp may damage the TMS2764. 


After erasure, logic ’‘0’s’’ are programmed into the desired locations. Programming consists of the following 
sequence of events. With the level on Vpp equal to 21 V and E at TTL low, data to be programmed is 
applied in parallel to output pins Q8-Q1. The location to be programmed is addresed. Once data and 
addresses are stable, a TTL low-level pulse is applied to PGM. Programming pulses must be applied at 
each location that is to be programmed. Locations may be programmed in any order. 





Programming uses two types of programming pulse: Prime and Final. The length of the Prime pulse is 
1 millisecond; this pulse is applied X times. After each application the byte being programmed is verified. 
If the correct data is read, the Final programming pulse is then applied, if correct data is not read, a further 
1 millisecond programming pulse is applied up to a maximum X of 15. The Final programming pulse is 
4X milliseconds long. This sequence of programming pulses and byte verification is done at Vcc = 6.0 V 
and Vpp = 21.0 V. When the full fast programming routine is complete, all bits are verified with 
Vcc = Vpp = 5 V.A flowchart of the fast programming routine is shown in Figure 1. 


wi 
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multiple device programming 

Several TMS2764’s can be programmed simultaneously by connecting them in parallel and following the 
programming sequence previously described. 

program inhibit 


The program inhibit is useful when programming multiple TMS2764’s connected in parallel with different 
data. Program inhibit can be implemented by applying a high-level signal to E or PGM of the device that 
is not to be programmed. - 


START 


ADDRESS = 
FIRST LOCATION YES FAIL DEVICE 
FAILED 
Vec = 6V 
Vpp = 21V PASS 


LAST INCREMENT 

ADDRESS? ADDRESS 

PROGRAM ONE : 

1 ms PULSE YES 
Vec = Vpp = 5V 

INCREMENT X cad 





ALL BYTES TO 
ORIGINAL 
DATA 





YES 


FAIL DEVICE 
FAILED 






PASS 


DEVICE 
PASSED 


EPROMs/PROMs . 






VERIFY 
ONE BYTE 





PROGRAM ONE 
PULSE OF 


4X ms DURATION 


FIGURE 1. FAST PROGRAMMING FLOWCHART 
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logic symbolt 


EPROM 8192x8 


AO 
Al 
A2 
A3 
AA 
AS. 
AG 
A7 
Ag 
Ag 

A10 

All 

A12 


@| 





t This symbol is in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12. 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) + 


Supply voltage range, VCC... 1. eee ee ee ees Sei wed Bie eae ale es -0.6 Vto7V 
Supply voltage range, Vpp.... 2... cece ee eee eee teen eens -0.6 V to 22 V 
Input voltage range: ieee Ae ee ob ee ee eae eee eee hs a eae eke 8 -0.6Vto7V 
Output voltage range... 1. ee eee ee eee ete teeter eens -0.6 Vto7V 
Operating free-air temperature range... 2... et eee 0°C to 70°C 
Storage temperature range ........... 0002 cece eee Pats ber sphandbal Sees fea ies So dutta a —65°C to 150°C 


+ Stresses beyond those listed under ‘‘Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress rating 
only and functional operation of the device at these or any other conditions beyond those indicated in the ‘‘Recommended Operating 
Conditions” section of this specification is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect 
device reliability. 


recommended operating conditions 






NIT 


MIN NOM 
4.75 6.25 
[Yep Stet gs ce 
[Ta Sporting twa tonpare 


NOTE 1: The algebraic convention, where the more negative (less positive) limit is designated as minimum is used in this data sheet 
for logic voltage levels only. 
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electrical characteristics over full ranges of recommended operating conditions 


PARAMETER TEST CONDITIONS | MIN MAX | 
VoH High-level output voltage lon = —400 pA ) 24 86 Vv] 
VOL Low-level output voltage lol = 2.1 mA } 0.45 | 












[—Tepi__Vep supply current ead) ——Vpp=8.28V CCS ma 
[—Tep2__Vpp supply current program | _____—~Fand POM atv —SSCSC*dCSSCSCS~«O Cm 
A 


capacitance over recommended supply voltage range and operating free-air temperature range, 
f = 1 MHz 


PARAMETER . TEST CONDITIONS TyPt MAX UNIT 


t Capacitance measurements. are made on a sample basis only. 
+ Typical values are at TA = 25°C and nominal voltage. 














switching characteristics over recommended supply voltage range and operating free-air 
temperature range, CL = 100 pF, 1 Series 74 TTL load (see Note 2 and Figure 2) 


20 | 7MS2764-25 | TMS2764.45 | 
| per prenes TMS2764-17 | TMS2764-20 | TMS2764-25 | TMS2764-45 
talA Access time from address pO] 200 | SO | SO | ns | 


fale) Access time from [170 [200 | 
ten(G) Output enable time from 
tdis(G) Output disable time from G 


Output data valid time after 
ty(A) change of address, E, or G, 
whichever occurs first 













EPROMs/PROMs i 


NOTE 2: For all switching characteristics and timing measurements, input pulse levels are 0.40 V and 2.4 V. Input and output timing 


reference levels are 0.8 V and 2 V. : _ 
tValue claculated from 0.5 volt delta to measured output level; tdis(G) is specified from G or E, whichever occurs first. Refer to read cycle 


timing diagram. This parameter is onty sampled and is not 100% tested. 


' 
, 
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recommended conditions for fast programming routine, Ta = 25 °C (see Note 2 and fast programming 
cycle timing diagram) 













[ MIN NOM MAX | 





ee ee 
[Veep Supply vottage (soe Note) SSCSCSCSCSCSCCSCC—~ OST 
| twiPGn) POM initial progrem pulse duration ee Note 8) ———SSSCSC~SHC—~*« 
[—twirca) POM tna pulse duration seeNowe 8) SSCSC~“‘“dCSCCSCSCSC«C 
[eutay__Adsess sop ime SSCS“ SCS 
teuto)__Date soup time OOS. 2 S 
au __ Ve Set ne 

a 

Po 

Ri Or 

a aaa) 

eo el 





PARAMETER TEST CONDITIONS 
tdis(G)FP Output disable time from G (see Note 7) CL = 100 pF 
ten(G)EP Output enable time from G 1 Series 74 TTL Load 





NOTES: 2. For all switching characteristics and timing measurements, input pulse levels are 0.40 V and 2.4 V. Input and output timing 
reference levels are 0.8 V and 2 V. 

- Vcc must be applied simultaneously or before Vpp and removed simultaneously or after Vpp. 

4. When programming the TMS2764, connect a 0.1 uF capacitor between Vpp and GND to suppress spurious voltage transients 
which may damage the device. 

. The Initial program pulse duration tolerance is 1 ms +5%. 

. The length of the Final pulse will vary from 3.8 ms to 63 ms depending on the number of Initial pulse applications (X). 

. This parameter is only sampled and is not 100% tested. 


NO 
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PARAMETER MEASUREMENT INFORMATION 


2.09 V 


R, = 7802 


OUTPUT 
UNDER TEST 


P Ci = 100 pF 


NOTE 8: tz < 20 ns and t, s 20ns. 


FIGURE 2. TYPICAL OUTPUT LOAD CIRCUIT 


read cycle timing 





EPROMs/PROMs > 









VIH 
A0-A12 | 
VIL 
| | 
: | Vin 
E 
| ViL 
———4 | 
1H 
@ | | 
Vit 
| \¢-tenic) tdis(G) 
Geet ty(A) . 
Vv 
a1-08 nie LLL ouTpuT. &\\ oH 
A\A\\\N\ VAD |} ie 
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fast program cycle timing 


a PROGRAM ae VERIFY 





Vin 


A0-A12 ADDRESS N+1 







ViL 





4 


Q1-A8 DATA IN STABLE HI 
le- tgu(D) —>| I th(D) 


le- Ene | | | | 
:, Vec+1 

Vcc . 

fe-teurvecs | ; Voc 


1 

| | 

| 

| 

| 

| 

I 

| 1 
| 

| 


Vin/VoH 


_ 


| 


DATA OUT 
VALID 





Vit/Vor 
tdis(G)FP 






Vpp 









Vpp 





Vcc 














: | 
x | | | 
S | ViH 
E 
a ViL 
E: | 
5 
Ss VIH 
” ——— 
PGM 
Vit 
te—o| ten(G)FP 
twiFPGM) +l | . | 7 
IH 
GS : 
| ny, Vit 
ii 
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ENHANCED PERFORMANCE EPROMS — PEP4 


¢ 168 hr + 8 hr Burn-in at 125°C 
e Tested to 0.1% AQL 
e Extended Temperature Range 


Texas Instruments offers extended temperature range EPROMs which provide an enhanced degree of reliability. 
The PEP4 designation signifies: 


¢ Devices Subjected to Electrical Testing over a Temperature Range Exceeding Commercial Requirements. 
e All Devices Have Received a 168 hr + 8 hr 125°C Burn-in with a PDA of 2%. 


This combination results in an improved quality and reliability level for those applications which deem it necessary. 
The user benefits from improved long term cost realized through reduced system down-time. 














PEP4 PRODUCT FAMILY 
OPERATING 
TEMPERATURE 


MAXIMUM Vcc SUPPLY 
DEVICE ORGANIZATION ACCESS VOLTAGE (V) 
TIME (ns) RANGE (°C) 


MIN MAX 
TMS2732A-__JP4 4096 X 8 —10 to 85 
-—10 to 85 














1™MS2764- 8192X8 ee TIO Tee? 
450 ~10 to 85 


ELECTRICAL CHARACTERISTICS 





PEP4 EPROM devices meet or exceed all the electrical and timing parameters specified in the standard data 
sheet with the following exceptions. 


PARAMETER TMS2732A-__JP4]| TMS2764-__JP4 
MAX MAX 






lect Vcc supply current (standby) a ae ee ee 
loc? Vec supply current (active) Le ae) eee ee 


EPROMs/PROMs > 


EPROMs/PROMs 
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NOVEMBER 1985 





Organization... 8K x 8 J PACKAGE 
. (TOP VIEW) 
Single 5-V Power Supply 5 


Pin Compatible with Existing 64K EPROMs 
and TMS2732A 


@~. All Inputs/Outputs Fully TTL Compatible 


Max Access/Min Cycle Time 

‘27064-1, ‘'27C64-15 150 ns 
’27C64-2, ‘'27C64-20 200ns 
'27C64, °27C64-25 250ns 
'27C64-3, ‘'27C64-30 300ns 
'27C64-4, ‘'27C64-45 450 ns 


@ HVCMOS Technology 
@ 3-State Output Buffers 


@ 400 mV Guaranteed DC Noise immunity 
with Standard TTL Loads 


@ Low Power Dissipation (Vcc = 5.25 V) 
—Active ... 210 mW Worst Case 


. Address Inputs 
~Standby ... 1.4 mW Worst Case E Chip Enable/Power Down 


(CMOS-Input Levels) Output Enable 


Ground 


No Connection 
Program 

Outputs 

5-V Power Supply 
12.5-V Power Supply 





description 


EPROMs/PROMs > 


The TMS27C64 series are 65,536-bit, ultraviolet-light erasable, electrically programmable read-only 
memories. These devices are fabricated using HVCMOS technology for high speed and simple interface 
with MOS and bipolar circuits. All inputs (including program data inputs) can be driven by Series 74 TTL 
circuits without the use of external pull-up resistors, and each output can drive one Series 74 TTL circuit 
without external resistors. The data outputs are three-state for connecting multiple devices to a common 
bus. The TMS27C64 is pin compatible ‘with existing 28-pin ROMs and EPROMs. It is offered in a dual-in- 
line ceramic package (J suffix) rated for operation from O°C to 70°C. 


Since these EPROMs operate from a single 5-V supply (in the read mode), they are ideal for use in. 
microprocessor-based systems. One other (12.5 V) supply is needed for programming, but all programming 
signals are TTL level. For programming outside the system, existing EPROM programmers can be used. 
Locations may be programmed singly, in blocks, or at random. — 


operation 


There are seven modes of operation for the TMS27C64 listed on the following page. Read mode requires 
a single 5-V supply. All inputs are TTL level except for Vpp during programming (12.5 V) and 12 Von 
AQ for signature mode. 





ADVANCE INFORMATION documents contain . Copyright © 1985, Texas Instruments Incorporated 
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vy = 


SINOYd/SINOHd3 7 


FUNCTION a 


(PINS) 





tX can be Viz or Viq. 


12V + 0.5V. 


read/output disable 


When the outputs of two or more TMS27C64’s are connected in parallel on the same bus, the output 
of any particular device in the circuit can be read with no interference from the competing outputs of the 
other devices. To read the output of the TMS27C64, a low-level signal is applied to the E and G pins. 
All other devices in the circuit should have their outputs disabled by applying a high-level signal to one 
of these pins. Output data is accessed at pins Q1 to Q8. 


power down 


Active Icc current can be reduced from 40 mA to 500 pA (TTL-level inputs) or 250 pA (CMOS-level inputs) 
by applying a high TTL signal to the E pin. In this mode all outputs are in the high-impedance state. 


erasure 


Before programming, the TMS27C64 is erased by exposing the chip through the transparent lid to high 
intensity ultraviolet light (wavelength 2537 angstroms). The recommended minimum exposure dose (UV 
intensity x exposure time) is fifteen watt-seconds per square centimeter. A typical 12 milliwatt per square 
centimeter, filterless UV lamp will erase the device in 21 minutes. The lamp should be located about 2.5 
centimeters above the chip during erasure. After erasure, all bits are in the high state. It should. be noted 
that normal ambient light contains the correct wavelength for erasure. Therefore, when using the 
TMS27C64, the window should be covered with an opaque label. 


fast programming 


After erasure (all bits in logic ‘1’ state), logic ‘O’s are programmed into the desired locations. A programmed 
‘0’ can only be erased by ultraviolet light. Data is presented in parallel (eight bits) on pins Q1 to Q8. Once 
addresses and data are stable, PGM is pulsed. The programming mode is achieved when Vpp = 12.5 V, 
PGM = Vit.» Vcc = 6.0 V, G = Vin, and E = Vii. More than one TMS27C64 can be programmed when 
the devices are connected in parallel. Locations can be programmed in any order. 
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Programming uses two types of programming pulses: Prime and Final. The length of the Prime pulse is 
1 millisecond; this pulse is applied X times. After each Prime pulse, the byte being programmed is verified. 
If the correct data is read, the Final programming pulse is applied; if correct data is not read, an additional 
1 millisecond pulse is applied up to a maximum X of 25. The Final programming pulse is 3X long. This 
sequence of programming and verification is performed at Vcc = 6.0 V and Vpp = 12.5 V. When the 
full fast programming routine is complete, all bits are verified with Vcc = Vpp = 5 V (see Figure -1). 


program inhibit 

Programming may be inhibited by maintaining a high level input on the E pin or PGM pin. 
program verify ; 
Programmed bits may be verified with Vpp = 12.5 V when G = Vjz, E = Vi_ and PGM = Vip. 
signature mode 


The signature mode provides access to a binary code identifying the manufacturer and type. This mode 
is activated when AQ (pin 24) is forced to 12 V + 0.5 V. Two identifier bytes are accessed by AO (pin 
10) i.e., AO = Vi_ — manufacturer; AO = Vip — device. All other addresses must be held at Vi_. Each 
byte possesses odd parity on bit Q8. The manufacturer code for this device is 97, and the device code is 07. 


ADDRESS = 
FIRST LOCATION . DEVICE 


FAILED 


Voc = Vpp = 5V 
INCREMENT X ia ci 


COMPARE 
ALL BYTES TO DEVICE 
ORIGINAL . FAILED 


DATA 


DEVICE 
PASSED 
VERIFY 
ONE BYTE 


PROGRAM ONE 
PULSE OF 
3X ms DURATION 





FIGURE 1. FAST PROGRAMMING FLOWCHART 
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logic symbolt 










EPROM 8192 X 8 
0 


Al 
A2 
A3 
A4 a1 
AS Q2 
AG a3 
ay (25) = 
ag £24) pe 
A10 Q7 
A11 as 
A12 - 12 
E {PWR DWN] 


tThis symbol is in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12. 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) t 


SINOUd/SINOYd3 - 
N 
x 


-0.6 Vto7V 


Supply voltage range, VCC (see Note 1)............ eee eee ee ee tee 

Supply voltage range, Vpp (see Note 1)........... 0... cee ee eee ee eee eee ~0.6Vto 14 V 

input voltage range (see Note 1): All inputs except AQ...............020050- -—0.6 V to 6.5 V 
AG ei daebare es Pe oR Mark eh hated ae hese -—0.6 V to 13.5 V 

Output voltage range (see Note 1).......... eee ee ee ee ee ees -0.6VtoVcc +1V 

Operating free-air temperature range... 1.2.2... . cc eee eee ee eee 


Storage temperature range... 1.2... ce ee ee eens ‘.... 765°C to 150°C 


tStresses beyond those listed under ‘“Absolute Maximum Ratings’’ may cause permanent damage to the device. This is a stress rating 
only and functional operation of the device at these or any other conditions beyond those indicated in the ‘‘Recommended Operating 
Conditions’’ section of this specification is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect 


device reliability. 
NOTE 1: Under absolute maximum ratings, voltage values are with respect to GND. 
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recommended operating conditions 


™MS27C64-1 TMS27C64-15 
' -™MS27C64-2 ™MS27C64-20 
™MS27C64 TMS27C64-25 
™MS27C64-3 TMS27C64-30 
TMS27C64-4 TMS27C64-45 

) MIN’ NOM MAX | MIN” NOM MAX | 


Vec Supply voltage (see Note 2) 4.75 5 5.25 | 45 5 56.5; 
Vep Supply volage (eee Note 
77 
Vin High-level input voltage se ce ce 
TL 
oO 


| 
CMOS 


NOTES: 2. Vcc must be applied before or at the same time as Vpp and removed after or at the same time as Vpp. The device must 
not be inserted into or removed from the board when Vpp or Vcc is applied. 
3. Vpp can be connected to Vcc directly (except in the program mode). Vcc supply current in this case would be Icc +Ipp, 
During programming, Vpp must be maintained at 12.5 V (+0.5 V). 





electrical characteristics over full ranges of recommended operating conditions 


PARAMETER MIN. TyPT MAX 
Vpp = Voc = 5.8V 


Vpp supply current 

! Vpp = 13 V 

oe (during program pulse) re 
Vcc supply current TTL-input level Vec = 5.5 V,E = Vin 
(standby) CMOS-input level Vec = 5.5V,E = Vcc 


Vec = 5.5V, E = Vit. 
Vcc supply current (active) teycle. = Minimum cycle time, 





EPROMs/PROMs fo 


outputs open 


tT Typical values are at Ta = 25°C and nominal voltages. 


cepacitance Ne: recommended supply voltage range and operating free-air temperature range, 
f = 1 MHz 


PARAMETER TEST CONDITIONS MIN TYP? MAX UNIT 
Vis OV,t = 1 Mia es ae 
Vo = OV, f= 1 Miz Po eae 


tCapacitance measurements are made on sample basis only. 
+Typical values are at Ta = 25°C and nominal voltages. 
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switching characteristics over full ranges of recommended operating conditions (see Note 4) 


°27C64-1 ‘27C64-2 "27064 
*27C64-15 ‘27C64-20 *27C64-25 UNIT 






TEST CONDITIONS 
(SEE NOTES 4 AND 5) 





ta(A Access time from address 
ta(E Access time from chip enable 


ten(G) Output enable time from G 


Output disable time from G or 
E, whichever occurs firstt 
Output data valid time after 
tv(A) change of address, E, or 
G, whichever occurs firstt 


PARAMETER 


talA Access time from address 
ta(E ' Access time from chip enable 


ten(G) Output enable time from G 


Output disable time from G or 
E, whichever occurs firstt 
Output data valid time after 
ty(A) change of address, E, or 
_&, whichever occurs firstt 





















CL = 100 pF, 

1 Series 74 TTL Load, 
Input tr <20 ns, 

Input te <20 ns 











tdis 













TEST CONDITIONS parsing ae i UNIT 
(SEE NOTES 4 AND 5) 






Cy = 100 pF, 
1 Series 74 TTL Load, 
Input tr <20 ns, ° 
Input t; <20 ns 














tdis 





| 00 | 450 | ns 
Pp 300 | 450 | ns 
p20} 50 | ns _| 


TValue calculated from 0.5 V delta to measured output level. This parameter is only sampled and not 100% tested. 


recommended timing requirements for programming, TA = 25°C, Vcc = 6 V, Vpp = 12.5 V_ 
(see Note 4) 


twi(IPGM Initial program pulse duration 
tw(FPGM Final pulse duration 
tsu(A Address setup time 


tsu(E) E setup time 
tsulG G setup time 


tdis(G Output disable time from G 


teniG Output enable time from G 
tsu(D Data setup time . 
tsu(VPP) . Vpp setup time 


tsu(VCC) Vcc setup time 
thiA) Address hold time 
th(D) Data hold time 





NOTES: 4. For all switching characteristics and timing measurements, input pulse levels are 0.40 V to 2.4 V and Vpp = 12.5 V +0.5 V 
during programming. 
5. Common test conditions apply for tgis(g) except during programming. 
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PARAMETER MEASUREMENT INFORMATION 


2.08 V 


Rt = 8000 
OUTPUT 
UNDER TEST 


100 pF 


FIGURE 2. OUTPUT LOAD CIRCUIT 


read cycle timing 





















A0-A12 
| | no 
= 3 \ | fee a 5 
| | ia 3 
| 2 ta(E) —>| { = 
ViH O 
¢ | | | oc 
| | VIL . 
| jae ten(G) >| | ‘dis 
gees tata) | will =) i 
VOoH 
vt 
ii 
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program cycle timing 


[+ Program ,_veriry ———o 
I 

| | 

| ; \ 

ADDRESS STABLE | l 


bo—tsuiai—>} 


I 
| 
oe oe 
| Vit/VOL 
| 
Vpp 
Vpp | | | | 
je—tsuvPr)—>} i | ; Vec 
| | 
| 
| 
| 
| 
| 






VIH 


A0-A12 ADDRESS N+1 





VIL 





Vin/VOH 







DATA OUT — 
VALID 





| | 
| 
: | | ViH 
E | | 
| | ViL 


—_ tsuiei —> a eee 


SINOUd/SINOYd] ba 
- 

| g 

a 
4 
we 


| 
twit) —e—| | j¢$—*Ftenicy 
twiFPGM)—fe——> 





TEXAS % 


INSTRUMENTS 


POST OFFICE BOX 1443 ® HOUSTON, TEXAS 77001 


6-28 


™S27C128 
131,072-BIT ERASABLE PROGRAMMABLE READ-ONLY MEMORY 







OCTOBER 1984 — REVISED NOVEMBER 1985 






Organization .. . 16K x8 J PACKAGE 
(TOP VIEW) 
Single 5-V Power Supply ; 
Pin Compatible with Existing 64K and 
128K EPROMs 


@ All Inputs/Outputs Fully TTL Compatible 


Max Access/Min Cycle Time 

°27C128-1, ‘'27C128-15 150 ns 
'27C128-2, ‘'27C128-20 200 ns 
'270128, '27C128-25 250 ns 
'27C128-3, ‘'27C128-30 300ns 
°'270128-4, ‘'270128-45 450ns 


HVCMOS Technology 
3-State Output Buffers 


400 mV Guaranteed DC Noise Immunity 
with Standard TTL Loads . 


@ Low Power Dissipation (Vcc =5.25 V) 
—Active ... 210 mW Worst Case 
—Standby . . . 1.4 mW Worst Case 

(CMOS-Input Levels) 


Address Inputs 

Chip Enable/Power Down 
Output Enable 

Ground 

Program 

Outputs 

5-V Power Supply 
12.5-V Power Supply 





description 


The TMS27C128 series are 131,072-bit, ultraviolet-light erasable, electrically programmable read-only 
memories. These devices are fabricated using HVCMOS technology for high speed and simple interface 
with MOS and bipolar circuits. All inputs (including program data inputs) can be driven by Series 74 TTL 
circuits without the use of external pull-up resistors, and each output can drive one Series 74 TTL circuit 
without external resistors. The data outputs are three state for connecting multiple devices to a common 
bus. The TMS27C128 is pin compatible with existing 28-pin ROMs and EPROMs. It is offered in a dual-in- 
line: ceramic package (J suffix) rated for operation from O°C to 70°C. 


EPROMs/PROMs a 


- Since these EPROMs operate from a single 5-V supply (in the read mode), they are ideal for use in 
microprocessor-based systems. One other (12.5 V) supply is needed for programming, but all programming 
signals are TTL level. For programming outside the system, existing EPROM programmers can be used. 
Locations may be programmed singly, in blocks, or at random. 


operation 


There are seven modes of operation for the TMS27C 128 listed on the following page. Read mode requires 


a single 5-V supply. All inputs are TTL level except for Vpp during programming (12.5 V) and 12 V on 
AQ for signature mode. 





PRODUCTION DATA documents contain information ° Copyright © 1985, Texas Instruments Incorporated 
current as of publication date. Products conform we ; 
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tvy = 


SINOUd/SINOYd] E . 


peste, aa ak ee es OE ee 


(PINS) 





tx can be Vit or ViH- 


ere 


read/output disable 


When the outputs of two or more TMS27C128’s are connected in parallel on the same bus, the output 
of any particular device in the circuit can be read with no interference from the competing outputs of the 
other devices. To read the output of the TMS27C128, a low-level signal is applied to the E and G pins. 
All other devices in the circuit should have their outputs disabled by applying a-high-level signal to one 
of these pins. Output data is accessed at pins Q1 to Q8. 


power down 


Active Icc current can be reduced from 40 mA to 500 pA (TTL-level inputs) or 250 zA (CMOS-level inputs) 
by applying a high TTL signal to the E pin. In this mode all outputs are in the high-impedance state. 


erasure 


Before programming, the TMS27C128 is erased by exposing the chip through the transparent lid to high 
intensity ultraviolet light (wavelength 2537 angstroms). The recommended minimum exposure dose (UV 
intensity x exposure time) is fifteen watt-seconds per square centimeter. A typical 12 milliwatt per square 
centimeter, filterless UV lamp will erase the device in 21 minutes. The lamp should be located about 2.5 
centimeters above the chip during erasure. After erasure, all bits are in the high state. It should be noted 
that normal ambient light contains the correct wavelength for erasure. Therefore, when using the 
TMS27C128, the window should be covered with an opaque label. 


fast programming 


After erasure (all bits are in logic ‘1’ state), logic ‘O’s are programmed into the desired locations. A 
programmed ‘0’ can only be erased by ultraviolet light. Data is presented in parallel (eight bits) on pins 
Q1 to Q8. Once addresses and data are stable, PGM is pulsed. The programming mode is achieved when 
Vpp = 12.5 V, PGM = VIL. Vcc = 6.0-V, G = Vip, and E = VjL. More than one TMS27C128 can be 
programmed when the devices are connected in parallel. Locations can be programmed in any order. 
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Programming uses two types of programming pulses: Prime and Final. The length of the Prime pulse is 
1 millisecond; this pulse is applied X times. After each Prime pulse, the byte being programmed is verified. 
If the correct data is read, the Final programming pulse is applied; if correct data is not read, an additional 
1 millisecond pulse is applied up to a maximum X of 25. The Final programming pulse is 3X long. This 
sequence of programming and verification is performed at Vcc = 6.0 V and Vpp = 12.5 V. When the 
full fast programming routine is complete, all bits are verified with Vcc = Vpp = 5 V (see Figure 1). 


program inhibit 
Programming may be inhibited by maintaining a high level input on the E pin or PGM pin. 
program verify 


Programmed bits may be verified with Vpp = 12.5 V when G = Vj, E = VIL, and PGM = Vjp. 


signature mode 


The signature mode provides access to a binary code identifying the manufacturer and type. This mode 
is activated when AQ (pin 24) is forced to 12 V + 0.5 V. Two identifier bytes are accessed by AO (pin 
10) i-e., AO = Vi_L — manufacturer; AO = Vip — device. All other addresses must be held at Vi_. Each 
byte possesses odd parity on bit Q8. The manufacturer code for this device is 97, and the device code is 83. 





START 
















ADDRESS = 
FIRST LOCATION 


DEVICE 
FAILED 


PASS 


INCREMENT 
ADDRESS 





Voc = Vpp = 5V 






INCREMENT X 
















COMPARE 
ALL BYTES TO 
ORIGINAL 
OATA 






DEVICE 
FAILED 






PASS 


DEVICE 
PASSED 





VERIFY 
ONE BYTE 








PROGRAM ONE 
PULSE OF 
3X ms DURATION 






FIGURE 1. FAST PROGRAMMING FLOWCHART 
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logic symbolt 










EPROM 16,384 X 8 
0 


Al 
A2 
A3 
A4 a1 
A5 a2 
AG Q3 
A7 a4 
A8 Q5 
AQ a6 
A10 Q7 
A11 as 


13 
[PWR DWN] 


This symbol is in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12. 


Operating free-air temperature range... 1.2.0... . cee ee eee eee ee eee 


SINOUYd/SINOUdS a 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 
-0.6Vto7V 


Supply voltage range, Vcc (see Note 1)........ 2... cece eee eee eee 

Supply voltage range, Vpp (see Note 1)..............-20.- svg. le BUR vee: ae Lee -0.6 Vto 14 V 

Input voltage range (see Note 1): All inputs except A9..... Weide elses PHS Lefer tele Bek —0.6 V to 6.5 V 
PQ ce ene eel th wyliars abel svisases Pe Piawsersuaaterses -0.6 V to 13.5 V 

Output voltage range (see Note 1)................ ere dee eye hehe ee arin Guat -0.6 Vto Vcct+1V 


Storage temperature range... ......... 20ers Deasths Seana ct era oes Raest eee we —65°C to 150°C 


tStresses beyond those listed under ‘“‘Absolute Maximum Ratings’’ may. cause permanent damage to the device. This is a stress rating 
only and functional operation of the device at these or any other conditions beyond those indicated in the ‘‘Recommended Operating 
Conditions’’ section of this specification is not implied. Exposure to absolute- -maximum- -rated conditions for extended periods may affect 


device reliability. 
NOTE 1: Under absolute maximum ratings, voltage values are with respect to GND. 
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recommended operating conditions 


_ TMS27C128-1- TMS27C128-15 
TMS27C128-2 TMS27C128-20 
TMS27C128 TMS27C128-25 
TMS27C128-3 TMS27C128-30 
TMS27C128-4 1MS27C128-45 

| MIN’ NOM MAX] MIN NOM MAX | 





















Vcc __ Supply voltage (see Note 2) 4.75 5 5.25 4.5 5 5.5 
Vep___ Supply voltage (see Note 3) 
2 Vec+! v 
VIH High-level! input voltage ee cC cave 
CMOS Veco -0.2 Voc +0.2 | Vec-0.2 Voc +0.2 
TTL -0.5 0.8| -0.5 08{ Vv 
Wi. veslegeiimpit vehi eo oe ee =a 
CMOS GND-0.2 GND+0.2 |GND-0.2 GND +0.2 
Ta Operating free-air temperature 


NOTES: 2. Vcc must be applied before or at the same time as Vpp and removed after or at the same time as Vpp. The device must 
not be inserted into or removed from the board when Vpp or Vcc is applied. 
3. Vpp can be connected to Vcc directly (except in the program mode). Vcc supply current in this case would be Icc + Ipp. 
During programming, Vpp must be maintained at 12.5 V (+0.5V). 


electrical characteristics over full ranges of recommended operating conditions 


[Von Hightevel output voltage ——=—SCSC~*d?C*t*‘“*~*~‘sO = 400A —=S~SC~C‘id;C SCS 

F Vow _towlevel output voltage ———SSSS~dSCSCSC~C~‘i MA OCSC*‘DSC“‘S(NCOMT V_ 

=10 
lo Vo = 




















Output current (leakage) OV to Vcc 
Ipp1 Vpp supply current Vpp = Vcc = 5.5 V 


; Vpp supply current 
! Vpp = 13 V 
PP2 (during program pulse) EF 


Vcc supply current TTL-input level Vcc = 5.5 V, E = Vin | 500 | 


Icc1 





(standby) CMOS-input level Vec = 5.5 V,E = Vec 


Vec = 5.5 V, E = Vit. 


tcycle = minimum cycle time, 
outputs open 










lcoc2 Vcc supply current (active) 


TTypical values are at Ta = 25°C and nominal voltages. 


capacielice over recommended supply voltage range and operating free-air temperature range, 
f = 1 MHz 


, PARAMETER TEST CONDITIONS MIN TYP* MAX’! UNIT 


Cj Input capacitance Vi = OV, f = 1 MHz ee ee 
Co Output capacitance Vo = OV, f = 1 MHz rr ae ee 


tCapacitance measurements are made on sample basis only. 
+Typical values are at Ta = 25°C and nominal voltages. 
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switching characteristics over full ranges of recommended operating conditions (see Note 4) 


'27C128-1 ‘270128-2 °270128 
PARAMETER *27C128-15 | ‘27C128-20 | ‘27C128-25 | UNIT 


talA Access time from address 
tale Access time from chip enable 
ten(G) Output enable time from G 


Output disable time from G or 
E, whichever occurs firstt 
Output data valid time after 
tv(A) change of address, E, or 
G, whichever occurs firstt 


PARAMETER 


talA Access time from address 
talE Access time from chip enable 


ten(G) Output enable time from G- 


Output disable time from G or 
E, whichever occurs firstt 
Output data valid time after 
ty(A) change of address, E, or 
G, whichever occurs first? 







TEST CONDITIONS 
(SEE NOTES 4 AND 5) 























Cy = 100 pF, 

1 Series 74 TTL Load, 
Input tr <20 ns, 
Input t¢ <20 ns’ 











tdis 













TEST CONDITIONS 
(SEE NOTES 4 AND 5} 


/ ; 
‘270128-3 '270128-4 
‘27€128-30 | '27C128-45 | UNIT 









Cy = 100 pF, 

1 Series 74 TTL Load, 
Input tr <20 ns, 

Input te <20 ns 










tdis 







TValue calculated from 0.5 V delta to measured output level. This parameter is only sampled and not 100% tested. 


recommended timing requirements for programming, TA = 25°C, Vcc = 6 V, Vpp = 12.5 V 
(see Note 4) 


twi(IPGM) Initial program pulse duration 
tw(FPGM) Final pulse duration 
tsul(A Address setup time 


tsu(E) E setup time 


tsu(G G setup time 


tdis(G Output disable time from G 


ten(G) Output enable time from G 
tsu(D Data setup time, 

tsu(VPP) Vpp setup time 

tsu(VCC) Vcc setup time 

thiA) Address hold time 

th(D) Data hold time 





NOTES: 4. For all switching characteristics and timing measurements, input pulse levels are 0.40 V to 2.4 V and Vpp = 12.5 V +0.5 V 
during programming. [ 
5. Common test conditions apply for tgjg(G) except during programming. 
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PARAMETER MEASUREMENT INFORMATION 


2.08 V 


R, = 8000 


a CL = 100 pF 


FIGURE 2. OUTPUT LOAD CIRCUIT 
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program cycle timing 
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SEPTEMBER 1984 — REVISED NOVEMBER 1985 










32K x 8 , J PACKAGE 
(TOP VIEW) . 


Organization... 
Single 5-V Power Supply 


Pin Compatible with Existing 128K and 
256K EPROMs 


All Inputs/Outputs Fully TTL Compatible 


Max Access/Min Cycle Time 

'27C256-1, ‘27C256-17 170ns 
'27C256-2, ‘'27C256-20 200ns 
*27C256, ‘'27C256-25 250 ns 
'27C256-3, ‘'27C256-30 300ns 
‘'27C256-4, ‘'27C256-45 450 ns 


HVCMOS Technology 
3-State Output Buffers | 


400 mV Guaranteed DC Noise Immunity 
with Standard TTL Loads 


@ Low Power Dissipation (Vcc = 5.25 V) 


—Active . .. 210 mW Worst Case AO- Address Inputs 
—Standby . . . 1.4 mW Worst Case , Chip Enable/Power Down 
(CMOS-Input Levels) Output Enable 


Ground 

Outputs 

5-V Power Supply 
12.5-V Power Supply 





description 


The TMS27C256. series are 262,144-bit, iiitraviolet: -light erasable, electrically programmable read-only 
memories. These devices are fabricated using HVCMOS technology for high speed and simple interface 
with MOS and bipolar circuits. All inputs (including program data inputs) can be driven by Series 74 TTL 
circuits without the use of external pull-up resistors, and each output can drive one Series 74 TTL circuit 
without external resistors. The data outputs are three state for connecting multiple devices to a common 
‘bus. The TMS27C256 is pin compatible with existing 28-pin ROMs and EPROMs. It is offered in a dual-in- 
line ceramic package (J suffix) rated for operation from O°C to 70°C. 


EPROMs/PROMs - 


Since these EPROMs operate from a single 5-V supply (in the read mode), they are ideal for use in 
microprocessor-based systems. One other (12.5 V) supply is needed for programming, but all programming 
signals are TTL level. For programming outside the system, existing EPROM programmers can be used. 
Locations may be programmed singly, in blocks, or at random. 


operation 
There are seven modes of operation for the TMS27C256 listed on the following page. Read mode requires 


a single 5-V supply. All inputs are TTL level except for Vpp during programming (12.5 V) and 12 V on 
AQ for signature mode. 





current as of publication date. Products conform to 
specifications per the terms of Texas Instruments 
standard warranty. Production processing does not 


necessarily include testing of al! parameters. INST RUMENTS 
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Spans pp MO 


Signature 
PINS 
( ) Mode 


(11-13, 
15-19) 


TX can be Vi or Vix.» 


tVy = 


SINOUd/SINOYd3 a 


12V + 0.5 V. 


read/output disable 


When the outputs of two or more TMS27C256’s are connected in parallel on the same bus, the output 
of any particular device in the circuit can be read with no interference from the competing outputs of the 
other devices. To read the output of the TMS27C256, a low-level signal is applied to the E and G pins. 
All other devices in the circuit should have their outputs disabled by applying a high-level signal to one 
of these pins. Output data is accessed at pins Q1 to Q8. 


power down 


Active ICc current can be reduced from 40 mA to 500 pA (TTL-level inputs) or 250 nA (CMOS-level inputs) 
by applying a high TTL signal to the E pin. In this mode all outputs are in the high-impedance state. 


erasure 


Before programming, the TMS27C256 is erased by exposing the chip through the transparent lid to high 
intensity ultraviolet light (wavelength 2537 angstroms). The recommended minimum exposure dose (UV 
intensity x exposure time) is fifteen watt-seconds per square centimeter. A typical 12 milliwat per square 
centimeter, filterless UV lamp will erase the device in 21 minutes. The lamp should be located about 2.5 
centimeters above the chip during erasure. After erasure, all bits are in the high state. It should be noted 
that normal ambient light contains the correct wavelength for erasure. Therefore, when using the 
TMS27C256, the window should be covered with an opaque label. 


fast programming 


After erasure (all bits in logic ‘1’ state), logic ‘O’s are programmed into the desired locations. A programmed 
‘0’ can only be erased by ultraviolet light. Data is presented in parallel (eight bits) on pins Q1 to Q8. Once 
addresses and data are stable, E is pulsed. The programming mode is achieved when Vpp = 12.5 V, 
Vcc = 6. OV,G = Vix, and E =VjL. More than one TMS27C256 can be pigen nes when the devices 
are connected in parallel. Locations can be programmed in any order. 


Programming uses two types of programming pulses: Prime and Final. The length of the Prime pulse is 
1 millisecond; this pulse is applied X times. After each Prime pulse, the byte being programmed is verified. 
If the correct data is read, the Final programming pulse is applied; if correct data is not read, an additional 
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1 millisecond pulse is applied up to a maximum X of 25. The Final programming pulse is 3X long. This 
sequence of programming and verification is performed at Vcc = 6.0 V and Vpp =12.5 V. When the 
full fast programming routine is complete, all bits are verified with VCC =Vpp =5 V (see Figure 1). 
program inhibit 

Programming may be inhibited by maintaining a high level input on the E pin. 

program verify 

Programmed bits may be verified with Vpp = 12.5 V when G = Vi, and E = Vip. 

signature mode 


The signature mode provides access to a binary code identifying the manufacturer and type. This mode 
is activated when AQ (pin 24) is forced to 12 V + 0.5 V. Two identifier bytes are accessed by AO (pin 
10) i.e., AO = Vi_ — manufacturer; AO = Vi — device. All other addresses must be held at Vj_. Each 
byte possesses odd parity on bit Q8. The manufacturer code for this device is 97, and the device code is 04. 


START 


ADDRESS = 
FIRST LOCATION 


YES . FAIL DEVICE 
; FAILED 
Vec = 6V 
Vpp = 12.5 V PASS 


LAST NO INCREMENT 
ADDRESS? ADDRESS 
PROGRAM ONE 
1 ms PULSE YES 


Vec = Vpp = 5V 
INCREMENT X Be ce = 







EPROMs/PROMs 





VERIFY 
ONE BYTE 






PROGRAM ONE 
PULSE OF 
3X ms DURATION 


FIGURE 1. FAST PROGRAMMING FLOWCHART 
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tThis symbol is in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12. 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 


Supply voltage range, Vcc (see Note 1).... 2... cece ee eee eee -0.6 Vto7V 
Supply voltage range, Vpp (see Note 1)... 0.5... 0. . eee ee ee ee eens -0.6 V to 14 V 
Input voltage range (see Note 1): All inputs except AQ............. 0.0 eee -0.6 V to 6.5 V 
ASG 2 Satan A eed eae ee el Be -—0.6 V to 13.5 V 
Output voltage range (see Note 1)........... 0c eee eee eee eee eee eee -0.6 V to Vcc +1V 
Operating free-air temperature range.............2 02 eens fete Ee ea alert at wa ae O°C to 70°C 
Storage temperature range... 1.2... eee ee ee ee eens -—65°C to 150°C 


NOTE 1: Under absolute maximum ratings, voltage values are with respect to GND. 

tStresses beyond those listed under ‘“‘Absolute Maximum Ratings’’ may cause permanent damage to the device. This is a stress rating 
only and functional operation of the device at these or any other conditions beyond those indicated in the ‘‘Recommended Operating 
Conditions” section of this specification is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect 
device reliability. 
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recommended operating conditions 


™MS27C256-1 _ 
TMS27C256-2 
™MS27C256 
™S27C256-3 
™S27C256-4 


TMS27C256-17 
TMS27C256-20 
TMS27C256-25 
TMS27C256-30 
TMS27C256-45 


Vcc Supply voltage (see Note 2) 4.75 5 5.25 
Vpp 


Supply voltage (see Note 3) 
71 
Vv High-level input voltage AVS 3k ee cc cc 


IH ‘level i 
; 
ViL Low-level input voltage 


TA Operating free-air temperature : 





NOTES: 2. Vcc must be applied before or at the same time as Vpp and removed after or at the same time as Vpp. The device must 


not be inserted into or removed from the board when Vpp or Vcc is applied. 


3. Vpp can be connected to Vcc directly (except in the program mode). Vcc supply current in this case would be Icc + Ipp, 


During programming, Vpp must be maintained at 12.5 V (+0.5'V). 


electrical characteristics over full ranges of recommended operating cond 


\ F 
lo 







Input current (leakage) Vv; = OVto 5.5 V 
Output current (leakage) Vo = 0Vto Vcc 
Ipp4 Vpp supply current Vpp = Vcc = 5.5 V 


} 
fnew NEP supply current Vpp = 13V 
(during program pulse) 3 
Vec supply current TTL-input level Vec = 5.5V,E = Vin 
(standby) CMOS-input level Vcc = 5-5V,E =Vec 


Vec = 5.5V,E = ViL, 
teycle = minimum cycle time, 
outputs open 










Icc1 
















Icc2 Vcc supply current (active) 


tTypical values are at Ta = 25°C and nominal voltages. 


itions 


MIN TyPt MAX 








| 


| nA 
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Eapacttance Over recommended supply voltage range and operating free-air temperature range, 
f = 1 MHz 


PARAMETER TEST CONDITIONS MIN TYP? MAX UNIT 
Vis OV.f=1Me [OO 
Co Output capacitance Vo = OV, f = 1MHz PB 12 |p 







tCapacitance measurements are made on sample basis only. 
+Typical values are at Ta = 25°C and nominal voltages. 


switching characteristics over full ranges of recommended operating conditions (see Note 4) 


°'27C256- 27 -2 '27C2' 
PARAMETER TEST CONDITIONS pet Ritenstaie Pikes = UNIT 
| (SEE NOTES 4 AND © | miN MAX | MIN MAX | MIN MAX | 


[250 [ns _| 
i ae 


ta(E) Access time from chip enable 
ten(G) Output enable time from G C_ = 100 pF, 


Output disable time from G or 1 Series 74 TTL Load, 
E, whichever occurs firstt Input tr $20 ns, 


Output data valid time after Input tf <20 ns Es 


' tdis 


ty(A) change of address, E, or 
G, whichever occurs firstt 





'27C256-3 '27C256-4 
PARAMETER TEST CONDINONS *27C256-30 °27C256-45 UNIT 
asap ptedicdeeaie PMIN MAX | MIN MAX | 


ta(A Access time from address 
fale) Access time from chip enable [300 [480 [ns] 


ten(G) - Output enable time from G CL = 100 pF, 


1 Series 74 TTL Load, 
Input tp <20 ns, 
Input ts <20 ns 





Output disable time from G or 
E, whichever occurs firstt 


tdis 
Output data valid time after 
tv(A) change of address, E, or 
G, whichever occurs first? 


tValue calculated from 0.5 V delta to measured output level. This parameter is only sampled and not 100% tested. 
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recommended timing requirements for programming, TA = 25°C, Vcc = 6 V, Vpp = 12.5 V 
(see Note 4) 


twi(IPGM) Initial program pulse duration 
tw(FPGM) Final pulse duration 
tsu(A) Address setup time 


tsu(G) G setup time 
tdis(G) Output disable time from G 


ten{G) Output enable.time from G 
tsu(D) Data setup time 

tsu(VPP) Vpp setup time 

tsu(VCC) Vcc setup time 

thiA) Address hold time 

thiD) Data hold time 





NOTES: 4. For all switching characteristics and timing measurements, input pulse levels are 0.40 V to 2.4 V and Vpp = 12.5 V +0.5 V 
during programming. , 
5. Common test conditions apply for tgjg(gq) except during programming. 





PARAMETER MEASUREMENT INFORMATION 


2.08 V 





RL = 8000 


A CL = 100 pF 


FIGURE 2. OUTPUT LOAD CIRCUIT ; 


OUTPUT 
UNDER TEST 


EPROMs/PROMs [fa 
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read cycle timing 


AO0-A14 ADDRESSES VALID ; 





VIH 
| 


ml 


| 
I 
| 
| 
os ta(E) —— 
| 
| 


es | : Vin 
G 
| VIL 


| b® tonic) > e+ tais 
—— ta(A) 


| tv(A) | 














Vv 
1a) ee Ce a: es 
LAAN Ef VoL 
program cycle timing | 
}*#————- PROGRAM > VERIFY ; 
iH 
A0-A14 ADDRESS STABLE | | ADDRESS N+1 
ViL 


fee—tsuta) >| = thta) > 


: Vin/VouH 
DATA he ae 
D 
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PRODUCT TMX27€512 
PREVIEW 524,288-BIT ERASABLE PROGRAMMABLE READ-ONLY MEMORY 


NOVEMBER 1985 














J PACKAGE 
(TOP VIEW) 


Organization... 64K x8 
Single 5-V Power Supply 
Pin Compatible with Existing 512K EPROMs 
All Inputs/Outputs Fully TTL Compatible 


Max Access/Min Cycle Time 

'27C0512-2, ‘'27C512-20 200ns 
270512, '27C512-25 250ns 
'27C512-3, ‘'270512-30 300ns 
'270512-4, '27C512-45 450ns 


@ HVCMOS Technology 
3-State Output Buffers 


400 mV Guaranteed DC Noise Immunity 
with Standard TTL Loads 


@ Low Power Dissipation (Vcc = 5.25 V) 
—Active . .. 263 mW Worst Case 


(CMOS-Input Levels) Address tnputs 


Chip Enable/Power Down 
- description Ground 


The TMX27C512 series are 524,288-bit, Outputs 





5-V Power Supply 
12.5-V Power Supply/ 
Output Enable 


ultraviolet-light | erasable, electrically 
programmable read-only memories. These 
devices are fabricated using HVCMOS 

- technology for high speed and simple interface 
with MOS and bipolar circuits. All inputs 
(including program data inputs) can be driven by Series 74 TTL circuits without the use of external pull-up 
resistors, and each output can drive one Series 74 TTL circuit without external resistors. The data outputs 
are three state for connecting multiple devices to a common bus. The TMX27C512 is pin compatible with 
existing 28-pin ROMs and EPROMs. It is offered in a dual-in-line ceramic package (J suffix) rated for operation 
from O°C to 70°C. 





EPROMs/PROMs - 


Since these EPROMs operate from a single 5-V supply (in the read mode), they are ideal for use in 
microprocessor-based systems. One other (12.5 V) supply is needed for programming, but all programming 
signals are TTL level. For programming outside the system, existing EPROM programmers can be used. 
Locations may be programmed singly, in blocks, or at random. 





PRODUCT PREVIEW documents contain information * Copyright ©° 1985, Texas Instruments Incorporated 
on products in the formative or design phase of : i 
development. Characteristic data and other 6-45 


specifications ara design goals. Texas Instruments 
reserves the right to change or discontinue these INST RUMENTS 
products without notice. POST OFFICE BOX 1443 @ HOUSTON, TEXAS 77001 


EPROMs/PROMs 
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ADVANCE . TMS27P32A 
INFORMATION 32,768-BIT PROGRAMMABLE READ-ONLY MEMORY 


NOVEMBER 1985 





Organization . . . 4096 X 8 N PACKAGE 
{TOP VIEW) 
Single 5-V Power Supply 


All Inputs and Outputs Are TTL Compatible 


Max Access/Min Cycle Time 
TMS27P32A-25 250 ns 
TMS27P32A-30 300 ns 
TMS27P32A-45 450ns 


@ Low Standby Power Dissipation .. . 
158 mW (Maximum) 


® JEDEC Approved Pinout . . . Industry 


Standard 
@ 21-V Power Supply Required for 
Programming 
@ N-Channel Silicon-Gate Technology 
ase Address Inputs 
description E Chip Enable 
The TMS27P32A is a one-time, electrically Output Enable/21 V 


Ground 


programmable read-only memory. It has 32,768 
Outputs 


bits organized as 4,096 words of 8-bit length. 
The TMS27P32A only requires a single 5-volt = Power Sunny 
power supply with a tolerance of +5%. 





The TMS27P32A provides two output control lines: Output Enable (G) and Chip Enable (E). This feature 
allows the G control line to eliminate bus contention in multibus microprocessor systems: The TMS27P32A 
has a power-down mode that reduces maximum power dissipation from 657 mW to 158 mW when the 
device is placed on standby. 


This PROM is supplied in a 24-pin dual-in-line plastic package and is designed for operation from O0°C to 
70°C. 


EPROMs/PROMs > 


operation | 
The six modes of operation for the TMS27P32A are listed in the following table. 


FUNCTION P D P inhibi 
(PINS) Read Deselect ee Program “en nee 
(Standby) Verification Programming 


VIL 








(9 to 11, 
13 to 17) 
X = Ving or Vir 
ADVANCE INFORMATION documents contain : _ Copyright © 1985, Texas Instruments Incorporated 
pe ecmation Aled eke ll in ihe satapling or wy : 
preproduction phase of development. Characteristics 
data and other specifications ore subject to change : EXAS 6-47 
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32,768-BIT PROGRAMMABLE READ-ONLY MEMORY 





SINOYd/SINOUdS a 


read 


The two control pins (E and G/Vpp) must have low-level TTL signals in order to provide data at the outputs. 
Chip enable (E) should be used for device selection. Output enable (G/Vpp) should be used to gate data 
to the output pins. 


power down 


The power-down mode reduces the maximum power dissipation from 657 mW to 158 mW. A TTL high- 
level signal applied to E selects the power-down mode. In this mode, the outputs assume a high-impedance 
state, independent of G/Vpp. 


program 
The programming procedure for the TMS27P32A is the same as that for the TMS2732A. 


The program mode consists of the following sequence of events. With the level on G/Vpp equal to 21 V, 
data to be programmed is applied in parallel to output pins Q8-Q1. The location to be programmed is 
addressed. Once data and addresses are stable, a 10-millisecond TTL low-level pulse is applied to E. The 
maximum width of this pulse is 11 milliseconds. The programming pulse must be applied at each location 
that is to be programmed. Locations may be programmed in any order. 


Several TMS27P32As can be programmed simultaneously by connecting them in parallel and following 
the programming sequence previously described. 


program verify 


After the PROM has been programmed, the programmed bits should be verified. To verify bit states, G/Vpp 
and E are set to VIL. 


program inhibit 


The program inhibit is useful when programming multiple TMS27P32As connected in parallel with different 


. data. Program inhibit can be implemented by applying a high-level signal to E of the device that is not 


to be programmed. 
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TMS27P32A 
32,768-BIT PROGRAMMABLE READ-ONLY MEMORY 





logic symbolt 





Tt This symbol is in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12. 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) Tt 


Supply voltage range, VCC ....- 1 ee ee eee 2 seal exereniteate esate -0.3Vto7V 
Supply voltage range, Vpp..............+.-. Wibca at hatte di bob alaterdcen' abe eteeates -0.3 V to 22 V 
Input voltage range (except program)... 1... 0... ce eee eee eee -0.3Vto7V 
Output voltage range... 1.2... ee ee eee Sila ranhedy eke BG save Aa RUO EAE ete Rletaite Tee erevel wads -0.3Vto7V 
Operating free-air temperature range... 2... ee eee ee eee eens 


Storage temperature range ......... 0... eee eee eee eee fe elds Bw weds See -—65°C to 125°C 


T Stresses beyond those listed under ‘‘Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress rating 
only and functional operation of the device at these or any other conditions beyond those indicated in the ‘‘Recommended Operating 
Conditions” section of this specification is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect 


device reliability. 
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TMS27P32A 
32,768-BIT PROGRAMMABLE READ-ONLY MEMORY 





recommended operating conditions 


IN NOM aX | UNIT 
Vcc Supply voltage (see Note 1) 4.75 5 5.25 













=O 08 


NOTES: 1. Vcc must be applied before or at the same time as Vpp and removed after or at the same time as Vpp. The device must 
not be inserted into or removed from the board when Vpp or V¢c is applied. 
2. Vpp can be connected to Vcc directly (except in the program mode). Vcc supply current in this case would be Icc + Ipp. 
During programming, Vpp must be maintained at 21 V (+0.5 V). 


electrical characteristics over full ranges of recommended operating conditions 


[| PARAMETER | TESTCONDITIONS |W MIN, MAX | 
[| Vo High-level output voltage [| tH = ~400pA 
| Vo. Low-level output voltage | t= tmA 
| Icc1 Vcc supply current (standby)} Eat Gat 80 | mA 

| 125 | mA | 











Icc2 Vcc supply current (active) E and G at Vi, : 


cepectance over recommended supply voltage range and operating free-air temperature range, 
f = 1 MHz 









PARAMETER - TEST CONDITIONS TYP? MAX 
All t GV [| 4 6 | 
Co Output capacitance Po C—O = OVrt—“C‘CS*r:CiC To 





tCapacitance measurements are made on a sample basis only. 
tTypical values are at Ta = 28°C and nominal voltages. 


switching characteristics over recommended supply voltage range and operating free-air 
temperature range 


TES NDITIONS 
PARAMETER Lae 
(SEE NOTE 3) 
talA Access time from address 


ta(E) Access time from E CL = 100 pF, 
ten(G) Output enable time from G 1 Series 74 


Output disable time from . TTL Load, 
or E, whichever occurs first tps20 ns, 

Output data valid time after t¢s20 ns, 
ty(A) change of address, E, or G, See Figure 1 
whichever occurs first 


tais! 





NOTE 3: The timing reference levels for inputs and outputs are 0.8 V and 2 V. Input pulse levels are 0.40 V and 2.4 V. 
TValue calculated from 0.5 V delta to measured output level. This parameter is only sampled and not 100% tested. 
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32,768-BIT PROGRAMMABLE READ-ONLY MEMORY 





recommended conditions for programming, TA = 25°C (see Note 4) 


le ee ee ee ee 
VIH i 
VIL. 


4.75 5 5.25 









120.5 2121.5 | 
| Vin High-level input voltage Vcc tT VT 
| Vin Low-level input voltage ft 
| twiey. FE putes duration 10 ms | 
fe ESTA GONE S BSTUD ING 
| tswi>) __—Datasetuptime 
| tsuivep) _Vppsetuptime 
| thay Address hold time 0s 
thi “Date hots time ee 
MBRCTTET i em) nev (ON, ec 
[| trec(PG) Vp recovery time 
| tiPGIG___Grrise time during programming 


tEHD i E 










Delay time, data valid after E low 


NOTE 4: When programming the TMS27P32A, connect a 0.1 »F capacitor between Vpp and GND to suppress spurious voltage transients 
which may damage the device. 


programming characteristics, TA = 25°C 


PARAMETER TEST CONDITIONS MIN TYP MAX UNIT 
Vii High-level input voltage ee ee ee 
ViL Low-level input voltage 










ee 
[Von Hiahrlevel output voltage wary) | log = =400,A_——SS—Cir na CS 
Vou tow-level output voltage (verity) | ior = 24mASSC*dSSCCSC~« 
Py ___tnput current (al'inputs) [SSCS Vor Sd SCSC~sO 
Tipp Supply current Sd SSC = pp SCidCOSC~*~SO 
: ae 
poi | 


A 





L 
icc Supply current ae cee ee 


tdis(PR) Output disable time 


| ns | 
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PARAMETER MEASUREMENT INFORMATION 
2.09 V 


: RL = 7800 
OUTPUT 
UNDER TEST 


CL = 100 pF 


FIGURE 1. TYPICAL OUTPUT LOAD CIRCUIT 
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TMS27P32A 
32,768-BIT PROGRAMMABLE READ-ONLY MEMORY 





read cycle timing 











Viu 
A0-A11 
VIL 
| - heo— tv A) —ont 
| bo—e>t-tonic) ' H VIH 
G/Vpp | | 
Vit 
heo——ta a) _—on! tdis : 
vs OH 
1-08 
VoL 
standby mode _ 
; VIH 
AO-A11 x 
ViL 
= VIH 
VIL 
VOoH 
1-08 
VoL 
program cycle timing 
VIH 
AO-A11 
VIL 
Vin/VoH 
1-08 
Vit/VoL 
tr(PG)G : 
= es Vpp 
G/Vpp I 
Vit 
tsu(VPP) 
Vin 
E 
Vit 
Ti wy 
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ADVANCE TMS27P64 
INFORMATION 65,536-BIT PROGRAMMABLE READ-ONLY MEMORY 


NOVEMBER 1985 





N PACKAGE 
(TOP VIEW) 





Organization .. .8192 X 8 
Single 5-V Power Supply 


Pin Compatible with TMS2732A 
and TMS2764 EPROMs 


All Inputs and Outputs Are TTL Compatible 


@ Max Access/Min Cycle Time 
TMS27P64-25 250 ns 
TMS27P64-30 300 ns 
TMS27P64-45 450 ns 


@ Low Standby Power Dissipation . . . 
184 mW (MAX) 


JEDEC Approved Pinout 


21-V Power Supply Required for 
Programming 


Fast Programming Algorithm 
Address Inputs 
Chip Enable 
Output Enable 
Ground 

No Connection 
Program 

Outputs 

5-V Power Supply 
21-V Power Supply 


N-Channel Silicon-Gate Technology 





description 


The TMS27P64 is a one-time, electrically programmable read-only memory. It has 65,536 bits organized 
as 8,192 words of 8-bit length. The TMS27P64-25 only requires a single 5-volt power supply with a 
tolerance of +5%, and has a maximum access time of 250 ns. 


The TMS27P64 provides two output control lines: Output Enable (G) and Chip Enable (E). This feature 
allows the G control line to eliminate bus contention in microprocessor systems. The TMS27P64 has a 


power-down mode that reduces maximum active current from 150 mA to 35 mA when the device is placed 
on standby. 


This PROM is supplied in a 28-pin, 15,24-mm (600-mil) dual-in-line plastic package and is designed for 
operation from O°C to 70°C. 





ADVANCE INFORMATION documents contain . Copyright © 1985 by Texas Instruments Incorporated 
information on new Progect in the sampling or 4 . i 


preproduction phase ot development. Characteristic 
data and other specifications are subject to change 
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operation 


The six modes of operation for the TMS27P64 are listed in the following table. 


FUNCTION 


(PINS) 


(11 to 13, 
15 to 19) 





X = Vit or Vix 


SINOUd/SINOUdS i 


read 


The dual control pins (E and G) must have low-level TTL signals in order to provide data at the outputs. 
Chip enable (E) should be used for device selection. Output enable (G) should be used to gate data to the 
output pins. 


power down 
The power-down mode reduces the maximum active current from 150 mA to 35 mA. A TTL high-level 


signal applied to E selects the power-down mode. In this mode, the outputs assume a high-impedance 
state, independent of G. 


fast programming a 
Note that the application of a voltage in excess of 22 V to Vpp may damage the TMS27P64. 


Initially all locations are logic ’‘1’s,’’ logic ‘‘O’s’’ are programmed into the desired locations. Programming 
consists of the following sequence of events. With the level on Vpp equal to 21 V and E at TTL low, data 
to be programmed is applied in parallel to output pins Q8-Q1. The location to be programmed is addressed. 
Once data and addresses are stable, a TTL low-level pulse is applied to PGM. Programming pulses must 
be applied at each location that is to be programmed. Locations may be programmed in any order. 





Programming uses two types of programming pulse: Prime and Final. The length of the Prime pulse is 1 
millisecond; this pulse is applied X times. After each application the byte being programmed is verified. 
If the correct data is read, the Final programming pulse is then applied, if correct data is not read, a further 
1 millisecond programming pulse is applied up to a maximum X of 15. The Final programming pulse is 
4X milliseconds long. This sequence of programming pulses and byte verification is done at Vcc = 6.0 
V and Vpp = 21.0 V. When the full fast programming routine is complete, all bits are verified with Vcc 
= Vpp = 5 V. A flowchart of the fast programming routine is shown in Figure 1. 


multiple device programming 


Several TMS27P64's can be programmed simultaneously by connecting them in parallel and peony 
the programming sequence previously described. 
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65,536-BIT PROGRAMMABLE READ-ONLY MEMORY 





program inhibit 


The program inhibit is useful when programming multiple TMS27P64's connected in parallel with different 
data. Program inhibit can be implemented by applying a high-level signal to E or PGM of the device that 
is not to be programmed. ‘ 





START 


ADDRESS = 
FIRST LOCATION YES FAIL DEVICE 
FAILED 
Vcc = 6 
PASS 


Vv 
Vpp = 21V 
LAST INCREMENT 
ADDRESS? ADDRESS 
PROGRAM ONE 
1 ms PULSE 






' YES 
Vv = Vpp = 5V 
INCREMENT X & id 






FAIL DEVICE 
FAILED 


ALL BYTES TO 
ORIGINAL 





DEVICE 
PASSED 





VERIFY 
ONE BYTE 





EPROMs/PROMs_ a 


PROGRAM ONE 
PULSE OF 
4X ms DURATION 







FIGURE 1. FAST PROGRAMMING FLOWCHART 
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TMS27P64 
65,536-BIT PROGRAMMABLE READ-ONLY MEMORY 





logic symbolt 


AO 
Al 
A2 
A3 
A4 
AS 
A6 
A7 
A8 
AS 
A10 
A11 


A12 


Q| 





T This symbol is in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12. 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) t 


Supply voltage range, VGC idk eit wie wer kes Betas A sat ae fete atyeh Sie aja sae: ees adne As Me -0.6 Vto7V 
Supply voltage range, Vpp......... 00. cece eee et eee ee eee eet ete eens -0.6 Vto 22 V 
Input voltage range .. 1... eee eee eee ee eet eee eeanee -O.6Vto7V . 
Output-Voltage range 2? :s.656 sce ht eek de Bae enGle gh Seow See Wate wale Pw © bei. hehe dba e -0.6 Vto7V 
Operating free-air temperature range... ... 2.0... ce eee eee ee eee eee 0°C to 70°C 
Storage temperature range ..... 0... 0. cee eee eet eet e eens ~65°C to 125°C 


Tt Stresses beyond those listed under ‘‘Absolute Maximum Ratings’’ may cause permanent damage to the device. This is a stress rating 
only and functional operation of the device at these or any other conditions beyond those indicated in the ‘‘Recommended Operating 
Conditions”’ section of this specification is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect 
device reliability. 


recommended operating conditions 


Supply voltage 4.7 5.25 Vv 














Supply voltage 
vi High-level input voltage Vec+1 





Low-level input voltage (see Note 1) 
Operating free-air temperature 


NOTE 1: The algebraic convention, where the more negative (less positive) limit is designated as minimum is used in this data sheet for 
logic voltage levels only. 
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electrical characteristics over full ranges of recommended operating conditions 


[PARAMETER ———=«dYSSCSCSCSCSC*SEST GND WTI —————SSS*d;CIN'_ MAX 

[Von Hlighvlevel output volage | tog = -400,A—SSsC—C~‘“~*~*~srC Cd 

[Vor Low-level output voltage | tL mA —SSC~—SCSCSSSC‘i | 

tpp1__Vep supply eurrent ead | ——'Vpp=825VSSCSC~“C~iSCSC*‘S*CS 

T1pp2 Vp supply current (program) | __EandPGMaty ———SCS~wSSCS~«O Tm 
[36 | 
wee 











ice1 Vou eueply curent (standby 


Icc2 Vcc supply current (active) : and G at Vi, 


capacitance over recommended supply voltage range and operating free-air temperature range, 
f = 1 MHz ; 












Cj Input capacitance Vv, = OV 
Co Output capacitance Vo =0V 


tCapacitance measurements are made on a sample basis only. 
+Typical values are at Ta = 25°C and nominal voltages. 





switching characteristics over recommended supply voltage range and operating free-air 
temperature range, CL = 100 pF, 1 Series 74 TTL load (see Note 2 and Figure 2) 


; PARAMETER . TMS27P64-25 TMS27P64-30 TMS27P64-45 UNIT 











tdis(G)* | Output disable time from G 


Output data valid time after change of address, 


tv(A 
uy E, or G, whichever occurs first 





NOTE 2: For all switching characteristics and timing measurements, input pulse levels are 0.40 V and 2.4 V. Input and output timing 
reference levels are 0.8 V and 2 V. 
+Value claculated from 0.5 volt delta to measured output level; tgis(G) is specified from G or E, whichever occurs first. Refer to read cycle 
timing diagram. This parameter is only sampled and is not 100% tested. 
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‘ Supply voltage (see Note 4) 


“| teu(A} Address setup time 


TMS27P64 
65,536-BIT PROGRAMMABLE READ-ONLY MEMORY 





recommended conditions for fast programming routine, TA = 25°C (see Note 2 and fast programming 
cycle timing diagram) 


Vec Supply voltage (see Note 3) 5.75 6 6.25 
Vpp 






. t PGM initial program pulse duration (see Note 5) 
w(IPGM) 
tw(FPGM) PGM final pulse duration (see Note 6) 













tsu(d) __Data setup time | es Ae | 
tsu(ver) __Vpp setup time phar See 





tsu(G) G setup time 









PARAMETER TEST CONDITIONS | MIN MAX | 
tdis(G)FP Output disable time from G (see Note 7) CL = 100 pF 
ten(G)EP | Output enable time from G 1 Series 74 TTL load 


NOTES: 2. For all switching characteristics and timing measurements, input pulse levels are 0.40 V and 2.4 V. Input and output timing 
reference levels are 0.8.V and 2 V. 
3. Vcc must be applied simultaneously or before Vpp and removed simultaneously or after Vpp. 
4. When programming the TMS27P64, connect a 0.1 yF capacitor between Vpp and GND to suppress spurious voltage transients 
which may damage the device. F j 
. The Initial program pulse duration tolerance is 1 ms + 5%. . 
. The length of the Final pulse will vary from 3.8 ms to 63 ms depending on the number of Initial pulse applications (X). 
. This parameter is only sampled and is not 100% tested. 





NOOO 
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PARAMETER MEASUREMENT INFORMATION 


2.09 V 


R, = 7800 


OUTPUT 
UNDER TEST 


a Ci = 100 pF 


NOTE 8: t¢ < 20 ns and t, < 20 ns. 


FIGURE 2. TYPICAL OUTPUT LOAD CIRCUIT 





read cycle timing 
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Vv 
A0-A12 " 
| | ie 
is | ViH 
E 
| | VIL 
Sones ta(E} 
- | | l VIH 
| ke tenia) tdis(G) a 
ee sees tviA) " Vo 
Ty H 
ons Kee Sto’ 8 vou. 
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fast program cycle timing 


a PROGRAM aes VERIFY 
ADDRESS STABLE DATA OUT VALID 


Je taro} | 


Bi 
DATA OUT 
Q1-08 I IN STABLE VALID 


fe tei} er thiD) 






Vin 






AO-A12 ADDRESS N+1 





VIL 






tdis(G)FP 












lea | 
U E | 
a 
oO Vit, 
2 | 
a tate | 
v0 
P: VIH 
S Pom 
a , ViL 
tw(IPGM) le—o ten(G)FP 
twiFPGM) }—P | | 
Vin 
rc} 
Vit 
i 
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PRODUCT | TMX27PC128 
PREVIEW - 131,072-BIT PROGRAMMABLE READ-ONLY MEMORY 







NOVEMBER 1985 





Organization... 16K x 8 N PACKAGE 
Single 5-V Power Supply (TOP VIEW) 


Pin Compatible with Existing 64K and 128K 
EPROMs 


All Inputs/Outputs Fully TTL Compatible 


Max Access/Min Cycle Time 

°27PC128-2, ‘'27PC128-20 200 ns 
‘27PC128, *27PC128-25 250 ns 
'27PC128-3, ‘27PC128-30 300ns 
‘27PC128-4, ‘'27PC128-45 450ns 


HVCMOS Technology 
3-State Output Buffers 


400 mV Guaranteed DC Noise Immunity 
with Standard TTL Loads 


@ Low Power Dissipation (Vcc = 5.25 V) 
—Active ...210 mW Worst Case 
—Standby ... 1.4 mW Worst Case Address Inputs 

(CMOS-Input Levels) Chip Enable/Power Down 
Output Enable 
Ground 


Program 

Outputs 

5-V Power Supply 
12.5-V Power Supply 





description 


The TMX27PC128 series are 131,072-bit, one-time, electrically programmable read-only memories. These 
devices are fabricated using HVCMOS technology for high speed and simple interface with MOS and bipolar 
circuits. All inputs (including program data inputs) can be driven by Series 74 TTL circuits without the 
use of external pull-up resistors, and each output can drive one Series 74 TTL circuit without external 
resistors. The data outputs are three state for connecting multiple devices to a common bus. The 

’ TMX27PC 128 is pin compatible with existing 28-pin ROMs and EPROMs. It is offered in a dual-in-line plastic 
package (N suffix) rated for operation from O°C to 70°C. 


Since these PROMs operate from a single 5-V supply (in the read mode), they are ideal for use in 
microprocessor-based systems. One other (12.5 V) supply is needed for programming, but all programming 

_ signals are TTL level. For programming outside the system, existing EPROM programmers can be used. 
Locations may be programmed singly, in blocks, or at random. 
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PRODUCT TMX27PC256 
PREVIEW | 262,144-BIT PROGRAMMABLE READ-ONLY MEMORY 







NOVEMBER 1985 





Organization ...32K x 8 ; N PACKAGE 
Single 5-V Power Supply ee 
Pin Compatible with Existing 64K, 128K and 
256K EPROMs 


All Inputs/Outputs Fully TTL Compatible 


Max Access/Min Cycle Time 

‘27PC256-2, ‘27PC256-20 200ns 
‘27PC256, ‘'27PC256-25 250 ns 
‘27PC256-3, ‘27PC256-30 300ns 
‘27PC256-4, ‘27PC256-45 450 ns 


HVCMOS Technology 
3-State Output Buffers 


400 mV Guaranteed DC Noise Immunity 
with Standard TTL Loads 


@ Low Power Dissipation (Vcc = 5.25 V) 
—Active ...210 mW Worst Case 
—Standby ... 1.4 mW Worst Case 

(CMOS-Input Levels) Address Inputs 


Chip Enable/Power Down 
Output Enable 

Ground 

Outputs 

5-V Power Supply 
_12.5-V Power Supply 





description 


The TMX27PC256 series are 262, 144-bit, one-time, electrically programmable read-only memories. These 

devices are fabricated using HVCMOS technology for high speed and simple interface with MOS and bipolar 

circuits. All inputs (including program data inputs) can be driven by Series 74 TTL circuits without the 

use of external pull-up resistors, and each output can drive one Series 74 TTL circuit without external 

resistors. The data outputs are three state for connecting multiple devices to a common bus. The 

TMX27PC256 is pin compatible with existing 28-pin ROMs and EPROMs. It is offered in a dual-in-line plastic 
- package (N suffix) rated for operation from O°C to 70°C. 


EPROMs/PROMs > 


Since these PROMs operate from a single 5-V supply (in the read mode), they are ideal for use in 
microprocessor-based systems. One other (12.5 V) supply is needed for programming, but all programming 
signals are TTL level. For programming outside the system, existing EPROM programmers can be used. 
Locations may be programmed singly, in blocks, or at random. 
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_ General Information 





Interchangeability Guide : | 





a _ Glossary/Timing Conventions/Data Sheet Structure 





Dynamic RAMs 
Dynamic RAM Modules _ 


Terrowaenoms 


ae Applications Information - : 


Tesi Sima | 





___ESD Guidelines | 
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ATTENTION 


These devices contain circuits to protect the inputs and outputs against damage 


due to high static voltages or electrostatic fields; however, it is advised that 
precautions be taken to avoid application of any voltage higher than maximum- 
rated voltages to these high-impedance circuits. 


Unused inputs must always be connected to an appropriate logic voltage level, 
preferably either supply voltage or ground. 


Additional information concerning the handling of ESD sensitive devices is 
provided in Section 12 in a document entitled “‘Guidelines for Handling 
Electrostatic-Discharge-Sensitive (ESDS) Devices and Assemblies.’’ 


TMS2332 
4096-WORD BY 8-BIT READ-ONLY MEMORY 


SEPTEMBER 1984 — REVISED NOVEMBER 1985 





4096 X 8 Organization | . N PACKAGE 
All Inputs and Outputs TTL Compatible TOR VIEW) 
Fully Static (No Clocks, No Refresh) 


Single 5-V Power Supply 


Maximum Access Time from Address 
TMS2332-15 150 ns 
TMS2332-20 200 ns 
TMS2332-25 250 ns 


Pin Compatible with 2732A EPROM 


Optional Power Down or Chip Select 


@ Two Output-Enable Controls for Chip Select 
Flexibility . 


@ Worst Case Active Power Dissipation’ 
... 330 mW 


@ Worst Case Standby Power Dissipation 


... 82.5 mW 
PIN NOMENCLATURE 


description AO-A11 Address Inputs 
The TMS2332 is a 32,768-bit read-only memory uaeots eee 
organized as 4,096 words of 8-bit length. This 01-08 DataOut 
makes the TMS2332 ideal.for microprocessor- 31/s1 Chip Select 
based systems. The device is fabricated using Vec 5-V Supply 
N-channel self-aligned silicon-gate technology Vgg Gouna 





for high speed and simple interface with bipolar 
and CMOS circuits. 


The TMS2332 is fully compatible with Series 74, 74S, or 74LS TTL and CMOS logic. The data outputs 
are three state for OR-tying multiple devices on a common bus. Pins 18 and 20 are mask programmable, 
providing additional system flexibility. The data at the outputs is always available during a read cycle. It 
is not dependent on external clocking of pins 18 and 20. 


This ROM is supplied in a 24-pin dual-in-line plastic (N suffix) package designed for insertion in mounting- 
hole rows on 15,24-mm (600-mil) centers. The device is designed for operation from O°C to 70°C. 


operation 


address {A0-A11) 


The address-valid interval determines the device cycle time. The 12-bit positive-logic address is decoded 
on chip to select one of 4096 words of 8-bit length in the memory array. AO is the least-significant bit 
and A11 is the most-significant bit of the word address. 


chip selects (S1 or $1 and S2 or $2) 


Each of these pins can be programmed during mask fabrication to be active with either a high- or a low- 
level input. When both signals are active, all eight outputs are enabled and the eight-bit addressed word 
can be read. When either signal is not active, all eight outputs are in a high-impedance state. 
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chip enable/power down (E or E) or chip select (S2 or $2) 


Pin 20 can be programmed during mask fabrication to be a chip-enable/power-down pin (E or £) or a 
secondary chip-select pin (S2 or $2). Each option can be active high or active low. When the chip- 
enable/power-down pin is inactive, the chip is put into the standby mode. This reduces Ic¢4, which in. 
the active state is 60 mA, to a standby Icc2 of 15 mA. When pin 20 is programmed as a chip-select 
pin, it is functionally identical to pin 18. 


data out (Q1-08) 


The eight outputs must be enabled by pins 18 and 20 before the output word can be read. Data will remain 
valid until the address is changed or the outputs are disabled (chip deselected). When disabled, the three- 
state outputs are in a high-impedance state. ati is considered the least-significant bit, Q8 the most-significant 
bit. 


logic symbolt 





T These symbols are in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12. 
Pins 18 and 20 can be active high as shown in the upper symbol or active low as shown in the lower (partial) symbol. In addition, pin 
20 can be either a second chip- “select (S2 or $2) or a chip-enable/power-down (E or E) pin. 
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functional block diagram 
@ Vcc 
@— Vss 


DATA OUTPUTS 
a1-Q8 


$1/S1 






CHIP SELECT/ 
POWER-DOWN LOGIC 


Y 
ADDRESS 
BUFFER 


E/E/S2/S2 





OUTPUT BUFFERS 


. Y GATING 

















ADDRESS INPUTS 





4096 X 8 MEMORY MATRIX 





ADDRESS 
BUFFER 






absolute maximum ratings 





Supply voltage range (see Note 1)... 2... 0... ce ee ee eee tee eee ens -0.5Vto7V 
Output voltage range (see Note 1) ...........0.020 aes ET abe da au ya att aye! ebananter tenes -1Vto7V 
Input voltage range (see Note 1) ...... 0... cee ee eee eee teen eens -1Vto7V 
Power dissipation ........ 0... cece ee eee eee ees Sdsenavaa we Fal Sees a aks 500 mW 
Operating free-air temperature range... 1.6... . ee ee eee te eee 0°C to 70°C 
Storage temperature range... 2... eee eee eee eee _ -55°C to 150°C 


NOTE 1: Voltage values are with respect to Vss. 


recommended operating conditions 






[in WOM WAR [UNIT 
eS OS OE EL 
ee Cae 










o 
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‘TMS2332 


4096-WORD BY 8-BIT READ-ONLY MEMORY 





electrical characteristics, TA = O°C to 70°C, Vcc = 5 V +10% (unless otherwise noted) 


[PARAMETER _——=«d[_—~=S*CS*S*C*ESTCONDTIONS «CIN MAX 
Von Highievel oupurvotege___——+(Vec=45V,_lon=-1mA——=——idt nC 
[Vou towievel output vottge ———*dVee = 45V. io =241ma_——Si«dSCSCtit 
Fi putcurent «idee = BBV, OV Wwssev | __10| a 













lo Output leakage current Vo = 0.4Vto Vcc, Chip deselected 
lcc1 Supply current from Vcc (active) Vcc = 5.5 V. Vi = Vcc output not loaded 
lcc2 Supply current from Vcc (power down) | Vcc = 5.5 V 


Vo = OV, Ta = 25°C, ; 
Cj Input capacitance . 
: : f = 1 MHz 
. Vo = OV, TA = 25°C, 
Co Output capacitance 
f = 1 MHz . 


PARAMETER 


ta(A) Access time from address 









ta(S) Access time from chip select 


ta(PD) | Access time from chip enable/power down 


ty(A) Output data valid after address change 





tdis Output disable time from chip select/chip enable 


t All AC measurements are made at 10% and 90% points. 





PARAMETER MEASUREMENT INFORMATION 


1.755 V 
R, = 645 0 
OUTPUT 
UNDER 
TEST 


FIGURE 1. LOAD CIRCUIT 
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read cycle timing 








x OY 
AAD AA ARAN RRA RAY {H 


A0-A11 OOK COOK 
OY i 














Q1-08 








Vou 
CRAAAAS 
VALID BSXXXKY 
ooeeeee 
VoL 


standby mode 


VIH 








ADDRESS N + m 





ADDRESS N 





AO-A11. 
VIL 


| ViH 
ACTIVE 






STANDBY 


tdis a eer je——el-taipD) 


' VoH 
a1-08 VALID HI-Z VALID 
VoL 


Vit 
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PROGRAMMING REQUIREMENTS AND CODE ACQUISITION 


PROGRAMMING REQUIREMENTS: The TMS2332 is a fixed-program memory in which the programming is 
performed by TI at the factory during the manufacturing cycle to the specific customer code inputs supplied. 
The device is organized as 4,096 8-bit words with address locations numbered O to 4,095. The 8-bit words 
are coded as a 2-digit hexadecimal number between 00 and FF. Q1 is considered the least-significant bit and 
Q8 the most-significant bit. For addresses, AO is the least-significant bit and A11 is the most-significant bit. 


CODE ACQUISITION: The input media containing the customer programming data can be in the form of EPROMs, 
or data formatted in card images and transmitted via computer modem. (Contact Tl for details on card image 
transmission.) 32K EPROMS can be used to supply the customer data. In addition to the input media, the 
information requested in Table 1 is required at the same time in order to insure proper programming of device 
options and accurate data control. 


TABLE 1. CUSTOMER/DEVICE INFORMATION 


CUSTOMER: 
SPECIFICATION NUMBER: 
ROM CODE NAME: _ = CROM CODE CHECKSUM: 


CUSTOMER PART NUMBER/SYMBOLIZATION: 


ls SINOY 
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CUSTOMER IS ALLOWED TWO (2) LINES OF UP TO 
15 ALPHANUMERIC CHARACTERS PER LINE 


ADDRESS ACCESS TIME (SPEED): 

PACKAGE TYPE: PLASTIC (N) 

PIN OPTIONS: 1=HIGH, 0=LOW, PD =POWER DOWN, CS=CHIP SELECT 
PIN 18: PIN 20: _____ PD/CS: 
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8192-WORD BY 8-BiT READ-ONLY MEMORY 


SEPTEMBER 1984 — REVISED NOVEMBER 1985 





8192 X 8 Organization N PACKAGE 
Fully Static (No Clocks, No Refresh) (TOP VIEW) 


All Inputs and Outputs TTL Compatible Vcc 


NC/S3/S3 

NC/S2/S2 

A8 
AQ 

All 

$1/S1 

A10 

E/E/S4/S4 


Single 5-V Power Supply — 


Optional Power Down or Chip Select 


Maximum Access Time from Address or 
Power Down 

TMS2364-15 150 ns 

TMS2364-20 200 ns 

TMS2364-25 250 ns 


@ Pin Compatible with 2764 EPROMs 


@ Worst Case Active Power Dissipation 
... 330 mW 





@ Worst Case Standby Power Dissipation 





... 82.5 mW 
description 
The TMS2364 is a 65,536-bit read-only memory 
organized as 8192 words of 8-bit length. This A0-A12 Address Inputs 
makes the TMS2364 ideal for microprocessor- Be/S4/S4 Chip Enable/Power Down 
based systems. The device is fabricated using or Chip Select 
N-channel self-aligned silicon-gate technology NC Nioi@anhection 
for high speed and simple interface with bipolar 01-08 Data Out 
and CMOS circuits. $1/S1, $2/S2, Chip Selects 
The TMS2364 is fully compatible with Series 74, S3/S3 
74S, or 74LS TTL and CMOS logic. The data » Vec 5-V Supply 
outputs are three state for OR-tying multiple Vss Ground 





devices on a common bus. Pins 20, 22, 26, and 

27 are mask programmable, providing additional 

system flexibility. The data at the outputs is always available during a read cycle. It is not dependent on 
external clocking of pins 20, 22, 26, or 27. 


This ROM is supplied in a 28-pin dual-in-line plastic (N suffix) package designed for insertion in mounting- 
hole rows on 15,24-mm (600-mil) centers. The device is designed for operation from O°C to 70°C. 


operation 


address (A0-A12) 


The address-valid interval determines the device cycle time. The 13-bit positive-logic address is decoded 
on chip to select one of 8192 words of 8-bit length in the memory array. AO is the least-significant bit 
and A12.the most-significant bit of the word address. 
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chip selects (S1 or $1, $2 or S2, $3 or S3) 


Pins 26 and 27 can be programmed during mask fabrication to be either chip selects or no connection 
(NC) at the inputs. Any pin(s) programmed as chip select(s) can also be programmed to be active: with 


. either a high- or a low-level input. If pins 26 and 27 are programmed as chip selects, and pins 20, 22, 


26, and 27 are active, all eight outputs are enabled; and the eight-bit addressed word can be read. When 
any of the signals on pins 20, 22, 26, and 27 are not active, all eight outputs are in a high-impedance 
state. If pins 26 and 27 are programmed as no connection (NC), the previous discussion applies to the 
remaining active chip select(s). 


chip enable/power down (E or E) or chip select (S4 or $4) 


Pin 20 can be programmed during mask fabrication to be a chip-enable/power-down pin (E or E) or a fourth 
chip-select pin (S4 or S4). Each option can be active high or active low. When the chip-enable/power- 
down pin is inactive, the chip is put into the standby mode. This reduces 1C¢1, which in the active state 
is 60 mA, to a standby ICC2 of 15 mA. With the chip-select option, pin 20 is functionally identical to pin 22. 


data out (Q1-Q8) 


The eight outputs must be enabled by pins 20 and 22, and pins 26 and 27 if programmed as chip selects, 
before the output word can be read. Data will remain valid until the address is changed or the outputs 
are disabled (chip deselected). When disabled, the three-state outputs are in a high-impedance state. Q1 
is considered the least-significant bit, Q8 the most-significant bit. 


logic symbols t 


> > 
NY = 


A10 
Ai1 
A12 





ROM 8192.X 8 





ROM 8192 X 8 


AO 0 


A1 
A2 
A3 a1 
A4 Q2 
A5 0 Q3 
A6 A 8191 a4 
A7 ; a5 
A8 Q6 
AS Q7 
A1i0 as 
A11 
A12 
$1 
$2 
$3 
S4 





tThese symbols are in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12. 
Pins 20 and 22, plus pins 26 and 27 if programmed as chip selects, can be active low as shown in the symbol on the left or active high 
as shown in the symbol on the right. In addition, pin 20 can be either a fourth chip select ($4 or $4) or a chip enable/power down (E or €). 
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functional block diagramt 


@———- Vcc 
<a Vss . 








DATA OUTPUTS 
Q1-Q8 





CHIP-SELECT/POWER-DOWN LOGIC 







OUTPUT BUFFERS 





ADDRESS Y GATING 


BUFFER 








ADDRESS INPUTS 







8192 X 8 
MEMORY MATRIX 







ADDRESS 





t The diagram above assumes that pins 26 and 27 are programmed as chip selects. 


absolute maximum ratings 


Supply voltage range (see Note 1)........ 0... 0c cece eee eee et ete ens -0.5Vto7V 
Output voltage range (see Note 1) .... 2.0... ee eee ee eee payers ek -1Vto7V 
Input voltage range (see Note 1) ....... cee eee eee ee eens -1Vto7V 
Power dissipation. .scs2.nie ahs woe Ree es OS Gee wee Gwin’ mae eb 500 mW 
Operating free-air temperature range... 2... ee ee ee eas O°C to 70°C 
Storage temperature range .... 1... - ee te ee eee eee -55°C to 150°C 


NOTE 1: Voltage values are with respect to Vss. 


recommended operating conditions 






[a _ WOM WA [ ONT | 
| Voc Supelvvotags——SSCSCSCSC~—“—“SCSCSCCCSC“‘“‘“‘“‘“‘ Cd 8 | CY 
v 
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electrical characteristics, Ta = O°C to 70°C, Vcc = 5 V + 10% (unless otherwise noted) 


[ParaMeTeR ———=S=S*dtSCSCSC*~*~*S*SRT CONDITION ———SSSC*d NX 
Vo = 0.4V to Vcc, Chip deselected 
Vec = 5.5 V, Vi = Vcc output not loaded 


: Vo = OV, 
Cj Input Eapaciance haere Ta = 258°C, ; 
: Vo = OV, 
Co Output capacitance nage the Ta = 25°C, 


TMS2364-15 | TMS2364-20 | TMS2364-25 | 
PARAMETER 


tata) Access time from address 


ta(s) Access time from chip select 
ta(PD) | Access time from chip enable/power down 
ty(A) Output data valid after address change 





tdis Output disable time from chip select/chip enable 


tAll AC measurements are made at 10% and 90% points. 


7 SINOY 


PARAMETER MEASUREMENT INFORMATION 


1.755 V 
RL = 6450 
OUTPUT 
UNDER 
TEST 


a CL = 100 pF 


FIGURE 1. LOAD CIRCUIT 
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read cycle timing 











0;0,0;0,00:00.0.8 VIH 
A0-A12 KRXKKRORN 
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Cry yyy) 
: ViL 
tv(A) —>| j— 


Vin 


773) 











: Vv 
ly ON me 
a1-08 HI-Z VALID eeeedeeey 
RO ie 
aver avevavarare VoL 
standby mode 
143 i VIH 
A0-A12 ADDRESS N ADDRESS N +m 
VIL 
_ | Vin 
E STANDBY I. ACTIVE 
VIL 


tdis te—v ke——}-ta(PD) 


VoH 
a1-08 VALID HI-Z VALID 
VoL 
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PROGRAMMING REQUIREMENTS AND CODE ACQUISITION 


PROGRAMMING REQUIREMENTS: The TMS2364 is a fixed-program memory in which the programming is 
performed by TI at the factory during the manufacturing cycle to the specific customer code inputs supplied. 
The device is organized as 8,192 8-bit words with address locations numbered O to 8,191. The 8-bit words 
can be coded as a 2-bit hexadecimal number between O00 and FF. Q1 is considered the least-significant bit and 
Q8 the most-significant bit. For addresses, AO is the least-significant bit and A12 is the most-significant bit. 


CODE ACQUISITION: The input media containing the customer programming data can be in the form of EPROMs, 
or data formatted in card images and transmitted via computer modem (contact TI! for details on card image 
transmission). Either 32K or 64K EPROMS can be used to supply the customer data. In addition to the input 
media, the information requested in Table 1 is required at the same time in order to insure proper programming 
of device options and accurate data control. 


TABLE 1. CUSTOMER/DEVICE INFORMATION 


CUSTOMER: 
SPECIFICATION NUMBER: 
ROM CODE NAME: __ eT |0CLROM CODE CHECKSUM: 


CUSTOMER PART NUMBER/SYMBOLIZATION: 
CUSTOMER IS ALLOWED TWO (2) LINES OF UP TO 
15 ALPHANUMERIC CHARACTERS PER LINE 


ADDRESS ACCESS TIME (SPEED): 

PACKAGE TYPE: PLASTIC (N) 

PIN OPTIONS: 1=HIGH, O=LOW, NC=NO CONNECT, PD =POWER DOWN, CS=CHIP SELECT 
PIN 20; ____ PIN 22: PD/CS: 
PIN 26: _ PIN 27: 
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TMS4732 
4096-WORD BY 8-BIT READ-ONLY MEMORY 


MAY 1977 — REVISED NOVEMBER 1985 





@ 4096 X 8 Organization N PACKAGE 

© All inputs and Outputs TTL Compatible ATOR MIEN) 

© Fully Static (No Clocks, No Refresh) — 

@ Single 5-V Power Supply AQ 

@ Maximum Access Time from Address sist ‘ 
TMS4732-15 150 ns | reas 2 
TMS4732-20 200 ns nas 
TMS4732-25 250 ns as 
Pin-Compatible with TMS2532 EPROM Q7 
Optional Power Down or Chip Select ae 
Two Output-Enable Controls for Chip Select a4 





Flexibility 


@ Worst Case Active Power Dissipation 
... 330 mW 


@ Worst Case Standby Power Dissipation 


... 82.5 mW PIN NOMENCLATURE 





for high speed and simple interface with bipolar 
and CMOS circuits. 


The TMS4732 is fully compatible with Series 74, 

74S, or 74LS TTL and CMOS logic. The data 

outputs are three state for OR-tying multiple devices on a common bus. Pins 20 and 21 are mask 
programmable, providing additional system flexibility. The data at the outputs is always available during | 
a read cycle. It is not dependent on external clocking of pins 20 and 21. 


description AO-Al 1 Address Inputs 
F E/E/S2/S2 Chip Enable/Power Down 

The TMS4732 is a 32,768-bit read-only memory or Chip Select ” 

organized as 4,096 words of 8-bit length. This 01-08 Data Out = 

makes the TMS4732 ideal for microprocessor- 31/S1 Chip Select oO 

. based systems. The device is fabricated using Vcc 5-V Supply ae 

N-channel self-aligned silicon-gate technology ‘Vgg . Ground ra 

7 





This ROM is supplied in a 24-pin dual-in-line plastic (N suffix) package designed for insertion in mounting- 
hole rows on 15,24-mm (600-mil) centers. The device is designed for operation from O°C to 70°C. 


operation 


address (A0-A11) 


The address-valid interval determines the device cycle time. The 12-bit positive-logic address is decoded 
on chip to select one of 4096 words of 8-bit length in the memory array. AO is the least-significant bit 
and A11 the most-significant bit of the word address. 


chip selects (S1 or $1 and $2 or $2) 


Each of these pins can be programmed during mask fabrication to be active with either a high- or a low- 
level input. When both signals are active, all eight outputs are enabled and the eight-bit addressed word 
can be read. When either signal is not active, all eight outputs are in a high-impedance state. 
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chip enable/power down (E or E) or chip select (S2 or $2) 


Pin 20 can be programmed _ during mask fabrication to be a chip-enable/power-down pin (E or E) ora 
secondary chip-select pin (S2 or S2). Each option can be active high or active low. When the chip- 
enable/power-down pin is inactive, the chip is put into the standby mode. This reduces I¢¢1, which in 
the active state is 60 mA, to a standby Icc2 of 15 mA. With pin 20 programmed as a chip-select pin, 
it is functionally identical to pin 21. 


data out (Q1-Q8) 


The eight outputs must be enabled by pins 20 and 21 before the output word can be read. Data will remain 
valid until the address is changed or the outputs are disabled (chip deselected). When disabled, the three- 

_ State outputs are in a high-impedance state. Q1 is considered the least-significant bit, Q8 the most-significant 
bit. 


logic symbolt 









ROM 
4096x8 


AO 

ai 

: a 

ag if a2 

as 2) a3 
(2) a4 

AG 

A7 (15) - 

AS a6 

Q7 
ag (22) 


T This symbol is in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12. 
Pins 20 and 21 can be active high as shown in the upper symbol or active low as shown in the lower (partial) symbol. In addition, pin 
20 can be either a second chip-select (S2 or S2) or a chip-enable/power-down (E or £) pin. 
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functional block diagram 
7 eC 


-_ Vss 


DATA OUTPUTS 
Q1-08 


OUTPUT BUFFERS 
Y GATING 


4096 x8 
MEMORY MATRIX 







$1/S1 
‘E/E/S2/S2 







CHIP-SELECT/ 
POWER-DOWN LOGIC 











ADDRESS 
BUFFER 







ADDRESS INPUTS 








x 
ADDRESS 128) 
BUFFER 


absolute maximum ratings 


Supply voltage range (see Note 1)....... 0.0... cc eee ee ee ee eee ete eee -0.5Vto7V 
Output voltage range (see Note 1)... 2... . ce ee ee ee et es -1Vto7V 
Input voltage range (see Note 1) 1.1.0... . ce ne ee eee eee -1Vto7V 
Power GiSSIPATION: -: ce, Soe cea: how ae. ko ae Os, Bee HS Wek ie eee Petes Seta Ae ad, we 500 mW 
Operating free-air temperature range...............0008- botivachanest dasoupee adedee. axes .. O°C to 70°C 
Storage temperature range .............. 00 ee eee ee whe, SS TS RL ee ... —55°C to 150°C 


NOTE 1: Voltage values are with respect to Vss. 


recommended operating conditions 













a NOM MAX 
Vi, __towiovelinut votege——SSCSSSSSSCSSC~dC 


slel<l<|S 
2 5 
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electrical characteristics, TA = 0°C to 70°C, Vcc = 5 V + 10% (unless otherwise noted) 


[PARAMETER ———=S=C*d~SCSCSC*~*C*SST CONDITIONS CIN MAX | 
rs 
607 








lo Output leakage current Vo = 0.4Vto Vcc, Chip deselected +10 
lcc1 Supply current from Vcc (active) Vcc = 5.5 V, Vi = Vcc output not loaded 
Icc2 Supply current. from Vcc (power down) | Vcc = 5.5 V 


Vo = OV, Ta = 25°C, 
Cj Input capacitance 
f = 1 MHz 
Vo = OV, Ta = 25°C, ; 
Co Output capacitance ; 


esiots) | MIN MAX | 


ta(A) Access time from address | 150 | 


tas) Access time from chip select . | 120 | 
ta(PD) | Access time from chip enable/power down : | 150. | 
tyia) Output data valid after address change eeQe 2. 


tdis Output disable time from chip select or chip enable | 100 | 


t All AC measurements are made at 10% and 90% points. 








BF sno. 


PARAMETER MEASUREMENT INFORMATION 


1.755 V 


R, = 6450 
OUTPUT 
UNDER 
TEST 
- C_ = 100 pF 


FIGURE 1. LOAD CIRCUIT 
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read cycle timing 























AXXXAAAAA) YY OVIH 
OOOKXXXXKK) BKYXKKOOOROO 
-A11 YOOX ASP RR RX 
an QOXXXXXXKY IKK) 







9,9,9,9,0,9,0,9,9,9,9,9,9,4,9,' 
: ViL 











| t 
1 via) —>]{ [+ — 
| VIH 
3 | 
| | | Vit 
| je—of- ta(s) | >| -— tdis 
L_— ta(A) | ¥y 
, RRR OH 
cy A09,9,0,0 
VoL 


standby mode 









A0-A11 ADDRESS N ADDRESS N + m 
ViL 
| VIH 
E STANDBY ACTIVE 
Vit 


tdis deel jo—et tap} 


VOH 
1-08 VALID HI-Z VALID 
VoL 
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PROGRAMMING REQUIREMENTS AND CODE ACQUISITION 


PROGRAMMING REQUIREMENTS: The TMS4732 is a fixed-program memory in which the programming is 
performed by TI at the factory during the manufacturing cycle to the specific customer code inputs supplied. 
The device is organized as 4,096 8-bit words with address locations numbered O to 4,095. The 8-bit words 
can be coded as a 2-bit hexadecimal number between 00 and FF. Q11 is considered the least-significant bit and 


_ Q8 the most-significant bit. For addresses, AO is the least-significant bit and A11 is the most-significant bit. 


| a SINOH 


CODE ACQUISITION: The input media containing the customer programming data can be in the form of EPROMs, 
or data formatted in card images and transmitted via computer modem (contact TI for details on card image 
transmission). 32K EPROMS can be used to supply the customer data. In addition to the input media, the 
information requested in Table 1 is required at the same time in order to insure proper programming of device 
options and accurate data control. 


TABLE 1. CUSTOMER/DEVICE INFORMATION 


CUSTOMER: 
SPECIFICATION NUMBER: 


ROM CODE NAME: CC  -ROM CODE CHECKSUM: 


CUSTOMER PART NUMBER/SYMBOLIZATION: 
CUSTOMER IS ALLOWED TWO (2) LINES OF UP TO 
15 ALPHANUMERIC CHARACTERS PER LINE 


ADDRESS ACCESS TIME (SPEED): 

PACKAGE TYPE: PLASTIC (N) 

PIN OPTIONS: 1=HIGH, O=LOW, PD =POWER DOWN, CS=CHIP SELECT 
PIN 20: __ PIN 21:__ PD/CS: 





7-20 


TEXAS 4 
_ INSTRUMENTS 


POST OFFICE BOX 1443 @ HOUSTON, TEXAS 77001 


T™MS4764 
8192-WORD BY 8-BIT READ-ONLY MEMORY 







JUNE 1981 — REVISED NOVEMBER 1985 
8192 X 8 Organization - N PACKAGE 
Fully Static (No Clocks, No Refresh) (TOP VIEW) 


All Inputs and Outputs TTL Compatible 





Optional Power Down or Chip Select 


Single 5-V Power Supply 


e®oeeeee ® 


Maximum Access Time from Address 
™MS4764-15 150 ns 
TMS4764-20 200 ns 
T™TMS4764-25 250 ns 


@ Worst Case Active Power Dissipation 
...330 mW 


@ Worst Case Standby Power Dissipation 
... 82.5 mW 


description 
The TMS4764 is a 65,536-bit read-only memory 
organized as 8,192 words of 8-bit length. This 
makes the TMS4764 ideal for microprocessor- AO-A12 Address Inputs 
based systems. The device is fabricated using E/E/S/S Chip Enable/Power Down 
N-channel self-aligned silicon-gate technology or Chip Select 
for high speed and simple interface with bipolar Q1-08 * Data Out 
and CMOS circuits. Vcc 5-V Supply 


Vss Ground 





ROMs 


The TMS4764 is fully compatible with Series 74, 
74S, or 74LS TTL and CMOS logic. The data 
outputs are three state for OR-tying multiple devices on a common bus. Pin 20 is mask programmable, eae 
providing additional system flexibility. The data at the outputs is always available during a read cycle. It 

is not dependent on external clocking of pin 20. 





, ~J 


This ROM is supplied in a 24-pin dual-in-line plastic (N suffix) package designed for insertion in mounting- 
hole rows on 15,24-mm (600-mil) centers. The device is designed for operation from O°C to 70°C. 


operation 


address (A0-A12) 


The address-valid interval determines the device cycle time. The 13-bit positive-logic address is decoded 
on chip to select one of 8192 words of 8-bit length in the memory array. AO is the least-significant bit 
and A12 the most-significant bit of the word address. 


chip enable/power down (E or E or chip select S or S) 


Pin 20 can be programmed during mask fabrication to be a chip-enable/power-down pin (Eor E) ora chip- 
select pin (S or S). Each option can be active high or active low. When the chip-enable/power-down pin 
is inactive, the chip is put into the standby. mode. This reduces ICC1, which in the active mode is 60 mA, 
to a standby current of 15 mA. When the signal on pin 20 is active, all eight outputs are enabled and 
the eight-bit addressed word can be read. When the signal is not active, all eight outputs are in a high- 
impedance state. 





PRODUCTION DATA documents contain information 


Copyright © 1985, Texas Instruments Incorporated 
lel =o i peelprito bee — conform ti 
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data out (Q1-Q8) 


The eight outputs must be enabled by pin 20 before the output word can be read. Data will remain valid 
until the address is changed or the outputs are disabled (chip deselected). When disabled, the three-state 
outputs are in a high-impedance state. Q1 is considered the least-significant bit, 08 the most-significant bit. 


logic symbolt 





BF sce 


re a 
o 7 
A2 

(5) (9) _ a1 
A3 (10) 

(4) a2 
Aa —— (1) a3 
as —(3) (13) 

(2) Q4 
AG (14) 

(1) a5 
A7 (15) 

(23) as 
AB (16) 

(22) Q7 
ag 2 (17) og 
-A10 ue) 
ai1 18) 
ag taal: 
5 20) 

(20) 


mij 
a 


t This symbol is in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12. 
Pin 20 can be active-high as shown in the upper symbol or active low as shown in the lower (partial) symbol. It can be either a chip select 
(S or S) or a chip enable/power down (E or E). 
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functional block diagram 


om — Vcc 
«a Vss 


DATA OUTPUTS 
Q1-08 
















CHIP-SELECT/ 
POWER-DOWN LOGIC 


E/E/S/S 


OUTPUT BUFFERS 


ADDRESS Y GATING 
BUFFER 


ADDRESS INPUTS 


ADDRESS 
BUFFER 


absolute maximum ratings 


Supply voltage range (see Note 1)......... ee ee ee eee eee eee -0.5Vto7V 


Output voltage range (see Note 1) 2... .. cece ee et ee eee eens -1Vto7V 
Input voltage range (see Note 1) ....... 2... ee eee eee teens weaee ~TVtOTV 
Power: dissipation: = ss.isie-d eis avwie wok doa Rte Voie aoe allo eg Bh Ae ed a Weed e as 500 mW 
Operating free-air temperature range... 2... eee ee eas O°C to 70°C 
Storage temperature range .... 2... ee eee eee ees -—55°C to 150°C 


NOTE 1: Voltage values are with respect to Vss. 


- recommended operating conditions 







wa _ WOM wax [ONT | 


VIH High-level input voltage 2 Vcc +1 


VIL Low-level input voltage 
TA Operating free-air temperature : ; 







pst | 
electrical characteristics, TA = O°C to 70°C, Vcc = 5 V +10% (unless otherwise noted) 


[__ParaMeTen———=S~=*dtC*‘“‘“‘C™C#C*SESTCONDITIONS~——~=~S~S~=C*d’SUMIN' MAX 
Vo = 0.4V to Voc, Chip deselected 


Icc2 Supply current from Vcc (power down) | Vcc = 5.5 V 


: Vo = OV, Ta = 25°C, 
Cj Input capacitance ; : 
: f = 1 MHz 
c 0 it Vo = OV, 
utput capacitance 
= ee f = 1MHz 





i 
TEXAS se (7-23 
INSTRUMENTS 


POST OFFICE BOX 1443 @ HOUSTON, TEXAS 77001 


wn 
= 
Oo 
cc 





e SINOY 


7-24 


TMS4764 
8192-WORD BY 8-BIT READ-ONLY MEMORY 





switching characteristics, TA = 0°C to 70°C, Vcc = 5 V + 10% (see Figure 1)t 


eer 15 | TMS4764-20 | TMS4764-25 
PARAMETER PMin MAX | MIN MAX| 


ta(s) Access time from chip select 


ta(PD) | Access time from chip enable/power down | 150 | 






















ty(A) Output data valid after address change 





tdis Output disable time from chip select or chip enable 





TAI AC measurements are made at 10% and 90% points. 





PARAMETER MEASUREMENT INFORMATION 


1.755 V 
R, = 6450 
OUTPUT 
UNDER 
TEST 


FIGURE 1. LOAD CIRCUIT 
read cycle timing 
' | ' 
Viv 
ane RY) x? 
Ik 


VIH 


mi 
Gi 
= 
F 


| = tdi 
——»| ta(s) f— hae : 


ta(A) | VoH 
Q1-O8 eee }-Z I VALID ing x x) % 
XX? YY 
VoL 


- 
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standby mode 


VIH 
AO-A12 ADDRESS N ADDRESS N + m 
Vit 


| 
| VIH 
E STANDBY ! ACTIVE 
| Vit 


tdis +.—+| k-—el- tarp) 


VOH 
aQ1-08 VALID HI-Z VALID 
VoL 


PROGRAMMING REQUIREMENTS AND CODE ACQUISITION: 


PROGRAMMING REQUIREMENTS: The TMS4764 is a fixed-program memory in which the programming is 
performed by TI at the factory during the manufacturing cycle to the specific customer code inputs supplied. 
The device is organized as 8,192 8-bit words with address locations numbered 0 to 8,191. The 8-bit words 
are coded as a 2-digit hexadecimal number between 00 and FF. Q11 is considered the least-significant bit and 
Q8 the most-significant bit. For addresses, AO is the least-significant bit and A12 is the most-significant bit. 





CODE ACQUISITION: The input media containing the customer programming data can be in the form of EPROMs, 
or data formated in card images and transmitted via computer modem. (Contact Tl for details on card image 
transmission.) Either 32K or 64K EPROMS can be used or any combination of them to supply the customer 
data. In addition to the input media, the information requested in Table 1 is required at the same time in order 
to insure proper programming of device options and accurate data control. 





TABLE 1. CUSTOMER/DEVICE INFORMATION 


CUSTOMER: 
SPECIFICATION NUMBER: 
ROM CODE NAME; ___-- SS eeesesssssssse | CROM CODE CHECKSUM: 


CUSTOMER PART NUMBER/SYMBOLIZATION: 
CUSTOMER IS ALLOWED TWO (2) LINES OF UP TO 
15 ALPHANUMERIC CHARACTERS PER LINE 


ADDRESS ACCESS TIME (SPEED): 

PACKAGE TYPE: PLASTIC (N) 

PIN OPTIONS: 1=HIGH, 0=LOW, PD =POWER DOWN, CS=CHIP SELECT 
PIN20:__—s_—=S*#PPD CS: 
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N PACKAGE 
(TOP VIEW) 


16,384 X 8 Organization 

Fully Static (No Clocks, No Refresh) 
All Inputs and Outputs TTL Compatible 
Single 5-V Power Supply 


Optional Power Down or Chip Select 


Maximum Access Time from Address or 
Power Down 

TMS47128-20 200 ns 
TMS47128-25 250 ns 

TMS47128-35 350 ns 


Pin Compatible with 27128 EPROMs 


Worst Case Active Power Dissipation 


. 330 mW 
@® Worst Case Standby Power Dissipation 

. . 82.5 mW 
The TMS47128 is a 131,072-bit read-only A0-A13 Address Inputs 
memory organized as 16,384 words of 8-bit E/E/S3/S3 Chip Enable/Power Down 
length. This makes the TMS47128 ideal for or Chip Select 
microprocessor-based systems. The device is NC No Connection 
fabricated using N-channel self-aligned silicon- Q1-08 — Data Out 
gate technology for high speed and simple $1/S1, S2/S2 Chip Selects 
interface with bipolar and CMOS circuits. Vcc 5-V Supply 


Vss Ground 





The TMS47128 is fully compatible with Series 
74, 74S, or 74LS TTL and CMOS logic. The data 
outputs are three-state for OR-tying multiple 
devices on a common bus. Pins 20, 22, and 27 
are mask-programmable, providing additional system flexibility. The data at the outputs is always available 
during a read cycle. It is not dependent on external clocking of pins 20, 22 and 27. 


This ROM is supplied in a 28-pin dual-in-line plastic (N suffix) package designed for insertion in mounting- 
hole rows on 15,24 mm (600-mil) centers. The device is designed for operation from O°C to 70°C. 


operation, standard ROM 
address (A0-A13) 


The address-valid interval determines the device cycle time. The 14-bit positive-logic address is decoded 
on chip to select one of 16,384 words of 8-bit length in the memory array. AO is the least-significant bit 
and A113 is the most-significant bit of the word address. 


chip select (S1 or $1 and S2 or S2) 


Pins 22 and 27 can be programmed during mask fabrication to be active with either a high- or a low-level 
input. When the signals on pins 20, 22, and 27 are active, all eight outputs are enabled; and the eight-bit 
addressed word can be read. When any of the signals on pins 20, 22, and 27 are not active, all eight 
outputs are in a high-impedence state. 


JUNE 1983 — REVISED NOVEMBER 1985 


TMS47128 
16,384-WORD BY 8-BIT READ-ONLY MEMORY 






ROMs 





PRODUCTION DATA documents contain information . Copyright © 1985, Texas Instruments Incorporated 
current as of publication date. Products conform 
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chip enable/power down (E or E) or chip select (S3 or $3) 


Pin 20 can be programmed during mask fabrication to be a chip-enable/power-down pin (E or E) or a third 
chip- -select pin (S3 or $3). Each option can be active high or active low. When the chip- enable/power- 
down pin is inactive, the chip is put into the standby mode. This reduces ICC 1, which in the active state 
is 60 mA, to a standby of Icc2 15 mA. With the chip-select option, pin 20 is functionally identical to 
pins 22 and 27. 


data out (Q1-Q8) 


. The eight outputs must be enabled by pins 20, 22, and 27 before the output word can be read. Data will 


remain valid until the address is changed or the outputs are disabled (chip deselected). When disabled, 
the three-state outputs are in a nigneimestence state. Q1 is considered the least -significant bit, Q8 the 
most-significant bit. 


logic symbolst 


§ SINOY 















ROM ROM 


ao £10) ‘16,384 X8 ao £210) 16,384 X 8 
Al Al 
A2 A2 4 
 A3 a1 A3 a1 
AG a2 A4 a2 
AS 03 AS= 03 
AG 04 AG - 04 
A7 as A7 as 
A8 a6 A8 aé 
AQ Q7 Ag Q7 
A10 og Ato as 
All A11 
A12 A12 
A13 1 A13 
E [PWR DWN] 
$1 
$1 $2 
$2 $3 





TThis symbol is in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12. 
Pins 20, 22 and 27 can be active low as shown in the ) symbol on the left or active high as shown in the symbol on the right. 
In addition, pin 20 can be either a third chip select (S3 or $3) or a chip enable/power own (E or E). 
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functional block diagram 


@—— Vcc 
@— Vss 


DATA OUTPUTS 
1-08 


$1/S1 
$2/S2 
E/E/S3/S3 










CHIP-SELECT/POWER-DOWN LOGIC 






OUTPUT BUFFERS 


X DECODE 















ADDRESS 
BUFFER 


ADDRESS INPUTS 





16,384 X 8 
ADDRESS MEMORY MATRIX 
BUFFER 


~ 
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absolute maximum ratings 


Supply voltage range (see Note 1)............ 0. cece eee eee teens -O0.5Vto7V 
Output voltage range (see Note 1) ..... 2... 0. . ce ee eee eee ene eae --1Vto7V 
Input voltage range (see Note 1) ......... ec ee ee te eee eee ees -1Vto7V 
Power ‘dissipation: 42.05, eae aarp es Seis OMENS SAG ween bn Soe ee Reo Se Re SG 500 mW 
Operating free-air temperature range .... 2... 0... ee ee tee ee tetas 0°C to 70°C 
Storage temperature range .. 0.20.0... 0. ccc eee ee ce ence eee n eee *,. -55°C to 150°C 


NOTE 1: Voltage values are with respect to Vss. 


recommended operating conditions 


a 
vee Supsiyvorage——SSCSSCSC—SCSSCSC“‘CSCSSCd A TY 







: Vo = OV, 

Cj Input capacitance hers Ta = 258°C, 
; Vo = OV, 

Co Output capacitance abe Ta = 25°C, 


TMS47 128-20 | TMS47 128-25 | TMS47 128-35 


ta(A) Access time from address | 200 | 250 | 
ta(s) Access time from chip select | 120 | 120 | 
ta(PD) | Access time from power down/chip enable ‘ | 200 | ~~ 250 | 














ty(A) Output data valid after address change 


Output disable time from chip select/chip enable 





tdis 





TAll AC measurements are made at 10% and 90% points. 
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PARAMETER MEASUREMENT INFORMATION 


1.775 V 
RL = 6450 
OUTPUT 
UNDER 
TEST 


ie = 100 pF 


FIGURE 1. LOAD CIRCUIT 


read cycle timing 
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b»-— tala) 
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6666006 
Q1-Q8 HI-Z VALID OOOOOOOO 
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standby mode 


VIH 
A0-A13 ADDRESS N ADDRESS N + m 
Vin 


Vin 


STANDBY I ACTIVE 
VIL 


I 
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: VOH 
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PROGRAMMING REQUIREMENTS AND. CODE ACQUISITION 


PROGRAMMING REQUIREMENTS: The TMS47128 is a fixed-program memory in which the programming is 
‘performed by TI at the factory during the manufacturing cycle to the specific customer code inputs. supplied. 
The device is organized as 16,384 8-bit words with address locations numbered 0 to 16,383. The 8-bit words 
are coded as a 2-digit hexadecimal number between OO and FF. Q11 is considered the least-significant bit and 
Q8 the most-significant bit. For addresses, AO is the least-significant bit and A13 is the most-significant bit. 


CODE ACQUISITION: The input media containing the customer programming data can be in the form of EPROMs, 
or data formated in card images and transmitted via computer modem. (contact TI for details on card image 
transmission.) Either 64K or 128K EPROMS can be used or any combination of them to supply the customer 
data. In addition to the input: media, the information requested in Table 1 is required at the same time in order 
to insure proper programming of device options and accurate data control. 


TABLE 1. CUSTOMER/DEVICE INFORMATION. 


CUSTOMER: 
SPECIFICATION NUMBER: 7 
ROM CODE NAME: ____ «ROM CODE CHECKSUM: 


CUSTOMER PART NUMBER/SYMBOLIZATION: 
CUSTOMER IS ALLOWED TWO (2) LINES OF UP TO 
15 ALPHANUMERIC CHARACTERS PER LINE 


ADDRESS ACCESS TIME (SPEED): 





PACKAGE TYPE: PLASTIC (N) 
PIN OPTIONS: 1=HIGH, O=LOW, PD =POWER DOWN, CS=CHIP SELECT 
PIN 20: ____ PIN' 222). —— PD/CS: 
PIN 27: 
pas 
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32,768 X 8 Organization 

Fully Static (No Clocks, No Refresh) 
All Inputs and Outputs TTL Compatible 
Single 5-V Power Supply 


Optional Power Down or Chip Select 


Maximum Access Time from Address or 
Power Down 


TMS47256-20 200 ns 
TMS47256-25 250ns 
TMS47256-30 300ns 


@ Worst Case Active Power 
Dissipation . . . 330 mW 


@ Worst Case Standby Power 
Dissipation .. . 82.5 mW 


@ Pin Compatible with 27256 and 27C256 
Type EPROMs 


description 


The TMS47256 is a 262,144-bit read-only 
memory organized as 32,768 words of 8-bit 
length. This makes the TMS47256 ideal for 


microprocessor-based systems, The device is - 


fabricated using N-channel! self-aligned silicon- 
gate technology for high speed and simple 
interface with bipolar and CMOS circuits. 


The TMS47256 is fully compatible with Series 
74. 74S, or 74LS TTL and CMOS logic. The data 
outputs are three state for OR-tying multipie 
devices on a common bus. Pins 20 and 22 (dual- 
in-line package) and pins 23 and 25 (chip carrier) 
are mask programmable, providing additional 
system flexibility. The data at the outputs is 
always available during a read cycle. It is not 
dependent on external clocking of E and S 
pins. 


This ROM is supplied in a 28-pin dual-in-line 
plastic (N suffix) package designed for insertion 
in mounting-hole rows on 15,24-mm (600-mil) 
centers. It is also supplied in a 32-lead plastic 
leaded chip carrier package designed for surface 
mount applications using 1,25-mm (50-mil) lead 
spacing. Both package styles conform to JEDEC 
standards. The device is designed for operation 
from 0°C to 70°C. 


N PACKAGE 
(TOP VIEW) 





FM PACKAGE 
(TOP VIEW) 


1415 1617181920 





PIN NOMENCLATURE 


A0-A14 Address Inputs 
E/E/S2/S2 Chip Enable/Power Down or Chip Select 
NC No Connection 


NU Make No External Connection 
Data Out 
Chip Select 
5-V Supply 
Ground 








PRODUCTION DATA documents contain intormation 
current as of publication date. Products conform 
to specifications per the of Texas Instruments 
standard warranty. Production processing does not 
necessarily include testing of all paramsters. 
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TMS47256 
32,768-WORD BY 8-BIT READ-ONLY MEMORY 





operation 


7 SINOY 


address (AO-A14) ° 


The address-valid interval determines the device cycle time. The 15-bit positive-logic address is decoded 
on chip to select one of 32,768 words of 8-bit length in the memory array. AO is the least-significant bit 
and A14 is the most-significant bit of the word address. 


chip select (S1 or $1) 


Pin 22 (dual-in-line package) and pin 25 (chip carrier) can be programmed during mask fabrication to be 
active with either a high- or low-level input. When the signal on both pins 22 and 20 (dual-in-line package) 
and pins 23 and 25 (chip carrier) are active, all eight outputs are enabled; and the eight-bit addressed word 
can be read. When the signal on either of these pins is not active, all eight outputs are in a high-impedance 
state. 


chip enable/power down (E or E) or chip select (S2 or S2) 


Pin 20 (dual-in-line package) and pin 23 (chip carrier) can be programmed during mask fabrication to be 
a chip-enable/power down pin (E or E) or a secondary chip-select pin (S2 or $2). Each option can be active 
high or active low. When the chip-enable/power-down pin is inactive, the chip is put in the standby mode. 
This reduces Ic¢ 1, which in the active state is 60 mA, to a standby Icc2 of 15 mA. With the chip-select 
option, pin 20 is functionally identical to pin 22 for the dual-in-line package and pin 23 is functionally identical 
to pin 25 for the chip carrier. 


data out (Q1-Q8) 


The eight outputs must be enabled by the E and § pins before the output word can be read. Data will 
remain valid until the address is changed or the outputs are disabled (chip deselected). When disabled, 
the three-state outputs are in a high-impedance state. Q1 is considered the least-significant bit, Q8 the 
most-significant bit. 


logic symbols t 








ROM 
32.768 X 8 





Al Al 

A2 A2 

A3 A3 

- Aa A4 
at 

AS AS 
Q2 

A6 a3 A6 

AT 04 A7 

A8 A8& 
as 

AQ AS 

A10 os A10 

Alt a A11 
as 

A12 A12 

A13 A13 

Al4 A14 

E $2 

$1 





tThese symbols are in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12. : 

Pins 20 and 22 can be active low as shown in the symbol on the left or active high as shown in the symbol on the right. In addition, pin 
20 can be either a secondary chip select {S2 or $2) or a chip enable/power down (E or E). The pin numbers shown are for the 28-pin 
dual-in-line package. 
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functional block diagram 


@ Vcc 
@— Vss 


DATA OUTPUTS 
01-08 













$1/S1 
E/E/S2/S2 


CHIP-SELECT/POWER-DOWN LOGIC 





OUTPUT BUFFERS 


ADDRESS 
BUFFER 


ADDRESS INPUTS 






32,768 X 8 
MEMORY MATRIX 






ADDRESS 
BUFFER 


absolute maximum ratings 


Supply voltage to ground potential (see Note 1)...... 2... 0. cee ee ee ee -O.5Vto7V 
Applied output voltage (see Note 1) ...... 0... cee ee ee ee eas -1Vto7V 
Applied inpyit voltage (see Note 1)... 1... ee ee ee eens -1Vto7V 
Power dissipation ........... 00.0 cece eee eee eva Wea Ghd: hac REAR ALT teak aden Bier gs 10 500 mW 
Operating free-air temperature range ...............-000-e A ea a RR SG aT Ose Se 8 0°C to 70°C 
Storage temperature range ... 1... 2... ce eee ee eee eee -55°C to 150°C 


‘NOTE 1: Voltage values are with respect to Vss.- 


recommended operating conditions 











Vcc Supply voltage 


VIH High-level input voltage 2 Vect+1 
Ta Operating free-air temperature 
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: Icc1 Supply current from Vcc (active) Vcc = 5.5 V 


TMS47256 | 
32,768-WORD BY 8-BIT READ-ONLY MEMORY 





electrical characteristics, TA = O0°C to 70°C, Vcc = 5 V +10% (unless otherwise noted) 


| PARAMETER | TESTCONDIIONS | MIN, MAX| UNIT 

Von Hishievel outputvottege «(i Vec=45V.ton=-tmaA | 2a | CV 

F Vou _towlevel output voltage «dt Vcc = 45V, tors 2tma YS 

Pu _tnputeuvent «d= BBV OVENS SV | ‘10 oA | 
lo 







Output leakage current Vo = OVtoVcc, Chip deselected +10 


Vi = Vcc Output not loaded | 60 ma | 
lec2 Supply current from Vcc (power down) | Vcc = 5.5 V | 18] ma 


Vo = OV, Ta = 25°C, 
Cj Input capacitance 
f = 1 MHz 
; Vo = OV, Ta = 25°C, 
Co Output capacitance : 
f = 1 MHz 


switching characteristics, Ta = 0°C to 70°C, Vcc = 5 V + 10% (see Figure 1)T 


2 TMS47256-30 
PARAMETER ™MS47256-20 ™MS47256 
















UNIT 
















[MIN MAX [ MIN” MAX | MIN MAX | 
AL a ah ees ae 
ey = Recess tn fis Sao [730 | 20 | 20 
ta(pp Access time from power down/chip enable | i200 |i T8800 | 
tv(A) Output data valid after address change ees ee eee Fa eee 
tdis Output disable time from chip select/chip enable | =  100[ = 100[ ~~ ~————*100 | 


TAIt AC measurements are made at 10% and 90% points. 





PARAMETER MEASUREMENT INFORMATION 


1.755 V 
: Ri = 6450 
OUTPUT 
UNDER 
TEST 


i CL = 100 pF 
= 


FIGURE 1. LOAD CIRCUIT 
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read cycle timing 









— VIH 
0,0-0.6:0.00.00 
A0-A13 AXA 
KO VI L 
ty(A) mone jo— 
| VIH 









VOH 
Q1-08 





o LA AAAAAAg 
a 
XXX 
‘ H99,9,0,0,0." 


VoL 


standby mode 


VIH 


A0-A13 ADDRESS N 









ADDRESS N + m 
ViL 


| Vin 


7) 
E STANDBY ACTIVE = 
VIL cc 
‘dis 4.—-} k-—}- tao) 
1-08 VALID HI-Z VALID 
VoL 
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PROGRAMMING REQUIREMENTS AND CODE ACQUISITION 


PROGRAMMING REQUIREMENTS: The TMS47256 is a fixed-program memory in which the programming is 
performed by TI at the factory during the manufacturing cycle to the specific customer code inputs supplied. 
The device is organized as 32,768 8-bit words with address locations numbered O to 32,767. The 8-bit words 
are coded as a 2-digit hexadecimal number from 00 and FF. Q11 is considered the least-significant bit and Q8 
is the most-significant bit. For addresses, AO is the least-significant bit and A14 is the most-significant bit. 


CODE ACQUISITION: The input media containing the customer programming data can be in the form of EPROMs, 
or data formatted in card images and transmitted via computer modem (contact TI for details on card image 
transmission). Either 64K, 128K, or 256K EPROMS can be used or any combination of them to supply the 
customer data. In addition to the input media, the information requested in Table 1 is required at the same time’ 
in order to insure proper programming of device options and accurate data control. 


TABLE 1. CUSTOMER/DEVICE INFORMATION 


CUSTOMER: 
SPECIFICATION NUMBER: 
ROM CODE NAME: __ CFS) ROM CODE CHECKSUM: 


CUSTOMER PART NUMBER/SYMBOLIZATION: 
CUSTOMER IS ALLOWED TWO (2) LINES OF UP TO 
15 ALPHANUMERIC CHARACTERS PER LINE 


ADDRESS ACCESS TIME (SPEED): _ 
PACKAGE TYPE: PLASTIC (N)______. SURFACE MOUNT (FM) 


a 
g PIN OPTIONS: 1=HIGH, 0 =LOW, PD =POWER DOWN, CS =CHIP SELECT 
7) N PACKAGE: PIN20___ PIN 22_ PICS 


| 7 | FM PACKAGE: PIN23___—ss—S~i KIN 2H C*éi«éiPWGSS_ 


NS 
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ADVANCE | | T™MS47C256 
INFORMATION 32,768-WORD BY 8-BIT READ-ONLY MEMORY 


NOVEMBER 1985 





32,768 X 8 Organization | N PACKAGE 
Fully Static (No Clocks, No Refresh) peal 
All Inputs and Outputs TTL Compatible 
Single 5-V Power Supply 

HVCMOS Technology 


Maximum Access Time from Address or 
Power Down 

TMS47C256-15 150 ns 
T™MS47C256-20 200 ns 
TMS47C256-25 250 ns 


@ Pin Compatible with 27256 EPROMs 


e®oeee8 °*#* 


Worst Case Active Power 
Dissipation . . . 275 mW 





@ Worst Case Standby Power 
Dissipation .. . 2.8 mW 


FM PACKAGE 
(TOP VIEW) 


description 


The TMS47C256 is a 262,144-bit read-only 
memory organized as 32,768 words of 8-bit 
length. This makes the TMS47C256 ideal for 
microprocessor-based systems. The device is 
fabricated using HVCMOS technology for high 
speed and simple interface with bipolar and 
CMOS circuits. 


The TMS47C256 is fully compatible with Series 
74, 74S, or 74LS TTL and CMOS logic. The data 
outputs are three state for OR-tying multiple 
devices on a common bus. The data at the 
outputs is always available during a read cycle. 
It is not dependent on external clocking of the 
chip-select pin(s). 









This ROM is supplied in a 28-pin dual-in-line 
plastic (N suffix) package designed for insertion 
in mounting-hole rows on 15,24-mm (600-mil) 





Address Inputs 


E Chip Enable/Power Down 
centers. It is also supplied in a 32-lead plastic NC No Connection 
leaded chip carrier package using 1,25-mm NU Make No External Connection 
(50-mil) lead spacing. Both package styles 01-08 Data Out 
conform to JEDEC standards. The device is s Chip Select 
designed for operation from 0°C to 70°C. Vec 5-V Supply 


. Ground 
Operation 


address (A0-A14) 


The address-valid interval determines the device cycle time. The 15-bit positive-logic address is decoded 
on-chip to select one of 32,768 words of 8-bit length in the memory array. AO is the least-significant bit 
and A14 the most-significant bit of the word address. 





ADVANCE INFORMATION documents contain Copyright © 1985, Texas Instruments incorporated - 
information on new premes in the sampling or i} 

preproduction phase o development, Characteristic TE 7-39 
ata and other specifications are subject to change - 

without notice. INSTRUMENTS 
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chip select (S) 


When the signal on both the chip-select and chip-enable/power-down pins are active, all eight outputs 
are enabled; and the 8-bit addressed word can be read. When the signal on either the chip-select or the 
chip-enable/power-down pin is not active, all eight outputs are in a high-impedance state. 


chip enable/power down (E) 


When the chip-enable/power-down pin is inactive, the chip is put in the standby mode. This reduces ICc1, 
which in the active state is 50 mA, to a standby ICC2 of 500 pA. In this mode all outputs are in a high- 
impedance state. 


data out (Q1-08) 


The eight outputs must be enabled by the chip-select and chip-enable/power-down pins before the output 
word can be read. Data will remain valid until the address is changed or the outputs are disabled (chip 
deselected). When disabled, the three-state outputs are in a high-impedance state. Q1 is considered the 
least-significant bit, Q8 the most-significant bit. 


logic symbolt 


7 SINOY 










ROM 


AO (0) 32.768 x 8 


Al 
A2 
A3 a1 
A4 a2 
A5 a3 
A6 a4 
A7 as 
A8 a6 
AQ Q7 
A10 as 
All 
A12 


A13 14 


al 


tThis symbol is in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12. 
The pin numbers shown are for the 28-pin dual-in-line package. 
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functional block diagram 


a —- Vcc 
_—— Vss 


DATA OUTPUTS 
Q1-08 






CHIP-SELECT LOGIC 


m ol 







OUTPUT BUFFERS 







Y GATING 







ADDRESS INPUTS 















32,768 x 8 
MEMORY MATRIX 





ADDRESS 


A6G-A14 
BUFFER 





absolute maximum ratings 


Supply voltage to ground potential (see Note 1)......... 0... 0c ec eee eee eens -05Vto7V 
Applied output voltage (see Note 1)........... ccc eee cee tte tees -0.3 V to Vcc + 0.3 V 
Applied input voltage (see Note 1)................2000% kee Na el eneudeGe y's -0.3 V to Vcc + 0.3 V 
Power dissipation .......... 0. ccc cee cc ee eee ee eee eet ee eee eee tence nen eeens 300 mW 
Operating free-air temperature range ... 0... 0.0.2. cee eect eee eee tees O°C to 70°C 
Storage temperature range .......... ccc eee eee eee eens -55°C to 150°C 


NOTE 1: Voltage values are with respect to Vss- 


recommended operating conditions 


BS 
Vee Sumplyvonsge———SSSCSCSC—C—C“‘“CS*SC“‘“‘SCS*C*‘“‘“‘“‘<‘<; CSS 








co 






o 


Qa 
Sici<cic Ss 
o = 
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electrical characteristics, Ta = 0°C to 70°C, Vcc = 5 V +10% (unless otherwise noted) 


[| PARAMETER | CSTEST.CONDITIONS =| MIN, MAX 
Von Hishievel output votage ———‘(iVeg= 48V, ton = 40008 SC*d 2 
[Vo towioval output valine | Veg = 46V,tgn=24ma SS 
Fi teputeurent ——SSCSCSC~*di ec = BV, COV sev YS 
Vo =OVtoVcc. Chip deselected +10 


lcc1 Supply current from Vcc (active) | Vec = 5.5 V, Vi = Vcc Output not loaded aa) 
Icc2 Supply current from Vcc (power down) | Vcc = 5.5 V 


; ie =OV, Ta = 25°C, 
Cj Input capacitance 
= 1 MHz 
- =OV, = 25°C, 
Output capacitance 
= 1 MHz 


switching characteristics, TA = 0°C to 70°C, Vcc = 5 V +10% (see Figure 1)T 


TMS47C256-15 MS47C256-2 TMS47C256-25 





























| MIN MAX | 
eT a 1 2 ao 
oe Sa I ee ae 
ta(PD Access time from power down/chip enable FO fC 200 | 
ty(A) Output data valid after address change ee ee eee ee eee 
tdis Output disable time from chip select/chip enable [| 60] 60] ~~ 60] 








TAIl AC measurements are made at 10% and 90% points. 
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PARAMETER MEASUREMENT INFORMATION 


2.08 V 


R, = 8000 
OUTPUT 
UNDER 
TEST 
ab 100 pF 


CL = 


FIGURE 1. LOAD CIRCUIT 
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read cycle timing 





















MA Aa OR aan Vv 
UXXAKAAAAL lH 
OOOO 
A0-A14 LALLY KY 
ra Vi 
ty( A) =e j— 
VIH 



















5 Vv 
Vi, ERS 
a1-a8 HI-z VALID OY 
. 9.9,0.0,0,0,0.4 > 
VoL 
standby mode 
: Vin 
A0-A14 ADDRESS N ADDRESS N + m 
Vit 
| ViH 
E STANDBY ACTIVE 
VIL 
‘ajo e je-——+l- tarp) 
VOH 
a1-a8 VALID HI-Z VALID 
VoL 


~ ROMs 
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PROGRAMMING REQUIREMENTS AND CODE ACQUISITION 


PROGRAMMING REQUIREMENTS: The TMS47C256 is a fixed program memory in which the programming is 
performed by TI at the factory during the manufacturing cycle to the specific customer code inputs supplied. 
The device is organized as 32,768 8-bit words with address locations numbered O to 32,767. The 8-bit words 
are coded as a 2-digit hexadecimal number between 00 and FF. Q1 is considered the least-significant bit and 
Q8 the most-significant bit. For addresses, AO is the least-significant bit and A14 is the most-significant bit. 


CODE ACQUISITION: The input media containing the customer programming data can be in the form of EPROMs, 
or data formatted in card images and transmitted via computer modem (contact TI for details on card image 
transmission). Either 64K, 128K, or 256K EPROMs can be used or any combination of them to supply the 
customer data. In addition to the input media, the information requested in Table 1 is required at the same time 
in order to insure proper programming of device options and accurate data control. 


TABLE 1. CUSTOMER/DEVICE INFORMATION 


CUSTOMER: 
SPECIFICATION NUMBER: 
ROM CODE NAME: _. es |C ROM CODE CHECKSUM: 


CUSTOMER PART NUMBER/SYMBOLIZATION: 
CUSTOMER !S ALLOWED TWO (2) LINES OF UP TO 
15 ALPHANUMERIC CHARACTERS PER LINE 





3 ADDRESS ACCESS TIME (SPEED): __-- ss ee 
<= PACKAGE TYPE: PLASTIC (N)____-_ ~3@e SURFACE MOUNT (FM) 
o 
: wy 
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ADVANCE TMS47€512 
INFORMATION 65,536-WORD BY 8-BIT READ-ONLY MEMORY 


NOVEMBER 1985 





65,536 X 8 Organization N PACKAGE 
Fully Static (No Clocks, No Refresh) OP VIEW) 
All Inputs and Outputs TTL and CMOS 

Compatible 


Single 5-V Power Supply 
Standby Mode for Minimum Power Usage 


Maximum Access Time from Address or 
Power Down 

TMS47C512-20 200 ns 
™MS47C512-25 250 ns 
TMS47C512-30 300 ns 


@ Pin Compatible with 27512 EPROMs 





description 
The TMS47C512 is a 524,288-bit read-only 
memory organized as 65,536 words of 8-bit FM PACKAGE 
length. This makes the TMS47C512 ideal for (TOP VIEW) 


microprocessor-based systems. The device is 
fabricated using HVCMOS technology for high 
speed and simple interface with bipolar and 
CMOS circuits. 


The TMS47C512 is fully compatible with Series 
74, 74S, or 74LS TTL and CMOS logic. The data 
outputs are three state for OR-tying multiple 
devices on a common bus. The chip-select and 
chip-enable/power-down pins are mask 
programmable, providing additional system 
flexibility. The data at the outputs is always 
available during a read cycle. It is not dependent 
on external clocking of the chip-select and chip- 
enable/power-down pins. 


This ROM is supplied in a 28-pin dual-in-line 
plastic (N suffix) package designed for insertion 


in mounting-hole rows on 15,24-mm (600-mil) 
centers. It is also supplied in a 32-lead plastic MEN = 


leaded chip carrier package using 1,25-mm Address Inputs 

(50-mil) lead spacing. Both package styles E Chip Enable/Power Down 
conform to JEDEC standards. The device is No Connection 

designed for operation from O°C to 70°C. Make No External Connection 


Data Out 
operation Chip Select 


address (A0-A15) eee 
Ground 
The address-valid interval determines the device 
cycle time. The 16-bit positive-logic address is | 
decoded on-chip to select one of 65,636 words of 8-bit length in the memory array. AO is the least-significant 


bit and A15 is the most-significant bit of the word address. 








ADVANCE INFORMATION documents contain : A Copyright © 1985, Texas Instruments Incorporated 
information on new peace in the sampling or ‘] : 
Libera phase He Lie nage ersforprdaned TE 7-45 

ata and other specifications are subject to change . = 
without pote: INSTRUMENTS 
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TMS470512 
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chip select (S or S) 


The chip-select pin (pin 23 for the dual-in-line package and pin 25 for the chip carrier) can be 

programmed during mask fabrication to be active with either a high- or low-level input. When the 

signal on both the chip-select and chip-enable/power-down pins are active, all eight outputs are . 
enabled; and the 8-bit addressed word can be read. When the signals on the chip-select and chip- 

enable/power-down pins are not active, all eight outputs are in a high-impedance state. Pin 22 (dual- 

in-line package) and pin 25 (chip carrier) can also be programmed as a no connection if only a chip 

enable is required. 


chip enable/power down (E) 


The chip-enable/power-down pin (pin 20 for the dual-in-line package and pin 23 for the chip carrier) can 
be programmed during mask fabrication to be active with either a high-level or low-level input. When the 
chip-enable/power-down pin is inactive, the chip i is put into the standby mode. In this mode all outputs 
are in the high- impedance state. 


data out (Q1-Q8) 


The eight outputs must be enabled by the chip-select and chip-enable/power-down pins before the output 
word can be read. Data will remain valid until the address is changed or the outputs are disabled (chip 
deselected). When disabled, the three-state outputs are in a high-impedance state. Q1 is considered the 
least-significant bit, Q8 the most-significant bit. 


logic symbolt 


Me SINOY 


ROM 
65,536 x 8 





tThis symbol is in accordance with ANSI/EEE Std 91-1984 and IEC Publication 617-12. 
The pin numbers shown are for the 28-pin dual-in-line package. Pins 20 and 22 can be active low as shown in the symbol above or active 
high. In addition, pin 22 can be a no connection. 
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functional block diagram 


S/S INPUT TIMING 

z COLUMN 

E/E BUFFERS AND PRECHARGE 
CONTROL re 



















Al 256 X 1024 
BIT 
A2 ADDRESS 
A3 INPUT ABAN 
A BUFFERS 7 
AS 
AG 
a1 
ae a2 
bd DATA a3 
A8 OUTPUT a4 
Ag BUFFERS os 
A10 ADDRESS as 
All INPUT : a7 
ee BUFFERS ae 
A13 
Al4a 
A15 
absolute maximum ratings 
Supply voltage to ground potential (see Note 1)...5 0.0.0... eee eee eee eee -0.5Vto7V 
Applied output voltage (see Note 1).... 2.0... 02. eee ee ee ees -0.3 V to Vcc + 0.3 V 
Applied input voltage (see Note 1) ........ 0... cee ee eee -0.3 V to Vcc + 0.3 V 
Power dissipation ....... Sard hoses Bae tame atin Wace ase teal tens exe eta ay hw aare aaah a” deme nie T.B.D. 
Operating free-air temperature range ..... 20... 0 ee eee ee eee eee 0°C to 70°C 
Storage temperature range .. 6.1... ee te eee eee tees -55°C to 150°C 


NOTE 1: Voltage values are with respect to Vss. 


recommended operating conditions 









Vcc Supply voltage 
[Tia Operaing too-srtemperte——SSSC~C~“~“‘“‘“~*S*~C~‘“~*~*rCSC*t 


Additional information on these products can be obtained from the factory as it becomes available. 
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electrical characteristics, TA = 0°C to 70°C, Vcc = 5 V +10% (unless otherwise noted) 


PARAMETER TEST CONDITIONS | MIN MAX | UNIT| 








IT 


Icc1 Supply current from Vcc (active) Vcc = 5.8 V, = Vcc Output not loaded 
Icc2 Supply current from Vee (standby) Vcc = 5.5 V 


HS =OV, Ta = 25°C, 
Input capacitance 
= 1 MHz 
v =OV, = 25°C, 
Output capacitance 
= 1 MHz 


switching characteristics, Ta = 0°C to 70°C, Vcc = 5 V +10% (unless otherwise ee 


PARAMETER TMS47C512-20 | TMS47C512-25 | T | TMS47C512-30 | 30 UNIT 






























| MIN, MAX | MIN MAX | MIN MAX | 

tera) Access time fom address ———SSC~—~‘iSC“‘(S#OCROO*YS;SCO#O#OW#C#C#BO | ~C«OO 
ta(S) Access time from chip select =o 

ta(PD Access time from power down/chip enable fs 200 FiO F800 | 

ty(A) Output data valid after address change i eens, Ee ees Ee eee 

tdis Output disable time from chip select [Foo | _ 100 [700 | 





tall AC measurements are made at 10% and 90% points. 





PARAMETER MEASUREMENT INFORMATION 


2.08 V 


R, = 8000 
OUTPUT 
UNDER 
TEST 


Cy = 100 pF 


FIGURE 1. LOAD CIRCUIT 


Additional Information on these products can be obtained from the factory as It becomes available. 
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read cycle timing 






VIH 














0.0.0.0.0.0.0.00 
AO-A1S SOW 
KKK KY) 

ViL 

t 
| MA) -— 

| Vin 

5 | 


i/\ ; 
= tas) —o| - [tas ; 
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TMS470512 
65,536-WORD BY 8-BIT READ-ONLY MEMORY 





PROGRAMMING REQUIREMENTS AND CODE ACQUISITION 


PROGRAMMING REQUIREMENTS: The TMS47C512 is a fixed-program memory in which the programming is 
performed by Tl at the factory during the manufacturing cycle to the specific customer code requirements. The 
device is organized as 65,536 8-bit words with address locations numbered O to 65,535. The 8-bit words can 
be coded as a 2-digit hexadecimal number between 00 and FF. Q11 is considered the least-significant bit and 
Q8 the most-significant bit. For addresses, AO is the least-significant bit and A15 is the most significant bit. 


CODE ACQUISITION: The input media containing the customer programming data can be in the form of EPROMs, 
or data formatted in card images and transmitted via computer modem (contact TI for details on card image 
transmission). Either 64K, 128K, 256K, or 512K EPROMS can be used or any combination of them to supply 
the customer data. In addition to the input media, the information requested in Table 1 is required at the same 
time in order to insure proper programming of device options and accurate data control. 


TABLE 1. CUSTOMER/DEVICE INFORMATION 
CUSTOMER: . 


SPECIFICATION NUMBER: 


ROM CODE NAME: ___ssssCSSSCSC; ROMA: CODE CHECKSUM: 


CUSTOMER PART NUMBER/SYMBOLIZATION: 
CUSTOMER IS ALLOWED TWO (2) LINES OF UP TO 
15 ALPHANUMERIC CHARACTERS PER LINE 


ADDRESS ACCESS TIME (SPEED): __- 
PACKAGE TYPE: PLASTIC (N) _______._ SURFACE MOUNT (FM) 





Bs) 
gS _ PIN OPTIONS: 1=HIGH, O=LOW. 
nm N PACKAGE: PIN 20: ___ PIN 22: 
PLCC: PIN 23:_______—— PIN 25 
: wy 
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ADVANCE 
INFORMATION 










131,072 X 8 Organization 
Fully Static (No Clocks, No Refresh) 


@ All Inputs and Outputs TTL and CMOS 
Compatible 


Single 5-V Power Supply 
Standby Mode for Minimum Power Usage 


Maximum Access Time from Address or 
Power Down 

T™TMS47C1024-20 200 ns 
T™MS47C1024-25 250 ns 
T™TMS47C1024-30 300 ns 


description 


The TMS47C1024 is a 1,048,576-bit read-only 
memory organized as 131,072 words of 8-bit 
length. This makes the TMS47C1024 ideal for 
microprocessor-based systems. The device is 
fabricated using HVCMOS technology for high 
speed and simple interface with bipolar and 
CMOS circuits. 


The TMS47C1024 is fully compatible with 
Series 74, 74S, or 74LS TTL and CMOS logic. 
The data outputs are three state for OR-tying 
multiple devices on a common bus. The chip- 
enable/power-down pin is mask programmable, 
providing additional system flexibility. The data 
at the outputs is always available during a read 
cycle. It is not dependent on external clocking 
of the chip-enable/power-down pin. 


This ROM is supplied in a 28-pin dual-in-line- 


plastic (N suffix) package designed for insertion 
in mounting-hole rows on 15,24-mm (600-mil) 
centers. It is also supplied in a 32-lead plastic 
leaded chip carrier package using 1,25-mm 
(50-mil) lead spacing. Both package styles 
conform to JEDEC standards. The device is 
designed for operation from O°C to 70°C. 


operation 
address (AO-A16) 


The address-valid interval determines the device 
cycle time. The 17-bit positive-logic address is 
decoded on-chip to select one of 131,072 words 
of 8-bit length in the memory array. AO is the 
least-significant bit and A16 is the most- 
significant bit of the word address. 


TMS4701024 


131,072-WORD BY 8-BIT READ-ONLY MEMORY 


NOVEMBER 1985 


N PACKAGE 
(TOP VIEW) 








FM PACKAGE 
(TOP VIEW) 





PIN NOMENCLATURE , 


Address Inputs 
Chip Enable/Power Down 
No Connection 


Make No Internal Connection 
Data Out , 

5-V Supply 

Ground 








ADVANCE INFORMATION documents contain 
information on new sd rbd in the sampling or 
preproduction phase of development. Characteristic 
data and other specifications are subject to change 


without notice. 
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chip-enable/power down (E or E) 


The chip-enable/power-down pin can be programmed during mask fabrication to be active with either a 
high- or low-level input. When the signal on the chip-enable/power-down pin is active, all eight outputs 
are enabled; and the 8-bit addressed word can be read. When the signal on the chip-enable/power-down 
pin is not active, all eight outputs are in a high-impedance state and the device goes into a standby current 


mode. 
data out (01-08) 


The eight outputs must be enabled by the chip-enable/power-down pin before the output word can be 
read. Data will remain valid until the address is changed or the outputs are disabled (chip deselected). 
When disabled, the three-state outputs are in a high-impedance state. Q1 is considered the least-significant 


bit, Q8. the most-significant bit. 


logic symbolt 


oe 


tThis symbol is in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12. 
The pin numbers shown are for the 28-pin dual-in-line package. Pin 20 can be active low as shown in the symbol above or active high. 
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AO 
Al 
A2 
A3 
A4 
AS 
A6 
A7 
A8 
AS 
A10 
Alt 
A12 
A13 
A114 
A15 
A16 


(10) 
(9) 
(8) 
(7) 
(6) 
(5) 
(4) 
(3) 
(25) 
(24) 
(21) 
(23) 
(2) 
(26) 
(27) 
(1) 
(22) 
(20) 


ROM 
131,072 x 8 


A oO 


131,071 
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(18) 
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Q3 
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Q7 
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functional block diagram 


cx —| moor i cou 
RE 
BUFFER CONTROL PL PRECHARGE 














ROW 




















AO GECODE 612 X 1024 
Al AND al 
A2 ADDRESS DRIVERS ARRAY 
A3 INPUT ie peers 
Aa BUFFERS 
AE ARRAY r | COLUMN 
7 SELECT Fam MUX 
AG ” 
a1 
a ee 3 
re a R a3 
ae P| ERROR DETECTION Ppa a4 
A10 aS Poe ses 
Ail ADDRESS Q7 
A12 INPUT | COLUMN aa 
oa BUFFERS | MUX 
ara Fa maeern 
A15 ROW 
aie DECODE ee 
' shun ARRAY 
DRIVERS 
fee oe 
COLUMN 
PRECHARGE 
absolute maximum ratings 
Supply voltage to ground potential (see Note 1)........... 0. cee eee eee -0.5Vto7V 
Applied output voltage (see Note 1).......... 2. ee eee ee ee -0.3Vto Vcc + 0.3 V 
Applied input voltage (see Note 1) .... 2... . 0. cee ee eee ene -0.3 V to Vcc + 0.3 V 
POWer GISSIPATION 55-552. 25. sere fed eo sciecdye wee biatd eg a gl Saeed, acted alee abcde dy Riacdes Gola ae Bea T.B.D. 
Operating free-air temperature range ..... 0.2... eee eee eee eae 0°C to 70°C 
Storage temperature range ...... 2... cee ee ee ete e ees -55°C to 150°C 


NOTE 1: Voltage values are with respect to Vss. 


recommended operating conditions 















(e) 
|< |<|<|9 


oO 


Additional Information on these products can be obtained from the factory as it becomes available. 
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electrical characteristics, Ta = 0°C to 70°C, Vcc 2 5 V +10% (unless otherwise noted) 


[_____parameren—=~S=«d~SSSSSCSCSesT COND IONS ———_—__—_—|N_MAX] UNIT 
Ticci Suppiv curent fom Vec tected [Vee =58V._Wi= Voc Ouputrotteaiea | Te] 
Tec2_Suppiy cuventfomVec indo) [Vec=s8V SS SSCSCS~CSC<~t BY 


Vo = OV, Ta = 25°C, 
Cj Input capacitance ; pF 
f = 1 MHz 
: Vo = OV, Ta = 25°C, 
Co Output capacitance 
f = 1 MHz 


switching characteristics, Ta = 0°C to 70°C, Vcc = 5 V +10% (see Figure 1)t 


PARAMETER 



























ta(A) Access time from address Po 200 50800 | 
Gayo Asset Howe ily opal [200 | 250 | 200 
tviA) Output data valid after address change ae ee, ee ee Le | 
tdis Output disable time from chip enable | 00 F100 [100 








tall AC measurements are made at 10% and 90% points. 





PARAMETER MEASUREMENT INFORMATION 


2.08 V 


Rt = 8002 
OUTPUT 
UNDER 
TEST 
Te = 100 pF 


FIGURE 1. LOAD CIRCUIT 


Additional Information on these products can be obtained from the factory as It becomes avallable. 
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read cycle timing 


VIH 
A0-A1 





Vit 


I tia) —> + 


; | | ViH 
L/| ' 
| —o - tdis 7 


i ta(E) —| l 


j>— ta(A) 
i TRE 
VALID y ey 
. AO 900,0.0.¢ 


HI-Z 
PROGRAMMING REQUIREMENTS AND CODE ACQUISITION 


PROGRAMMING REQUIREMENTS: The TMS47C1024 is a fixed-program memory in which the programming 
is performed by TI at the factory during the manufacturing cycle to the specific customer code inputs supplied. 
The device is organized as 131,072 8-bit words with address locations numbered 0 to 131,071. The 8-bit words 
can be coded as a 2-digit hexadecimal number between 00 and FF. Q11 is considered the least-significant bit 
and Q8 the most-significant bit. For addresses, AO is the least-significant bit and A16 is the most-significant bit. 








VOH 













Q1-08 





VoL 





CODE ACQUISITION: The input media containing the customer programming data can be in the form of EPROMs, 
or data formatted in card images and transmitted via computer modem (contact Tl for details on card image 
transmission). Either 64K, 128K, 256K, 512K, or 1024K EPROMS can be used or any combination of them 
to supply the customer data. In addition to the input media, the information requested in Table 1 is required 
at the same time in order to insure proper programming of device options and accurate data control. 


~ ROMs 


TABLE 1. CUSTOMER/DEVICE INFORMATION 


CUSTOMER: 


SPECIFICATION NUMBER: 
ROM CODE NAME: __ CCF )|CM ROM CODE CHECKSUM: 


CUSTOMER PART NUMBER/SYMBOLIZATION: 
CUSTOMER IS ALLOWED TWO (2) LINES OF UP TO 
15 ALPHANUMERIC CHARACTERS PER LINE 


ADDRESS ACCESS TIME (SPEED): 
PACKAGE TYPE: PLASTIC (N) SURFACE MOUNT (FM) 
PIN OPTIONS: 1=HIGH, O=LOW 


N PACKAGE: PIN 20: 
PLCC: PIN 23 
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ATTENTION 


These devices contain circuits to protect the inputs and outputs against damage 
due to high static voltages or electrostatic fields; however, it is advised that 
precautions be taken to avoid application of any voltage higher than maximum- 
rated voltages to these high-impedance circuits. 


Unused inputs must always be connected to an appropriate logic voltage level, 
preferably either supply voltage or ground. 


Additional information concerning the handling of ESD sensitive devices is 
provided in Section 12 in a document entitled ‘Guidelines for Handling 
Electrostatic-Discharge-Sensitive (ESDS) Devices and Assemblies.’’ 


SMJ4161 
65,536-BIT MULTIPORT VIDEO RAM 


NOVEMBER 1985 











MIL-STD-883C High-Reliability Processed JD PACKAGE 
and -55°C to 100°C (S Designator) (TOP VIEW) 
Temperature Range, 20-Pin 300-Mil Ceramic 
Sidebrazed Package 


@ Dual Accessibility — One Port Sequential 
Access, One Port Random Access 


@ Four Cascaded 64-Bit Serial Shift Registers 
for Sequential Access Applications 


@ Designed for both Video and Non-Video 
Applications 





@ Fast Serial Port ... Can Be Configured for 
Video Data Rates in Excess of 150 MHz 


‘@ TR/GE as Output Enable Allows Direct 
Connection of D, Q and Address Lines to 
Simplify System Design 


@ Random-Access Port Looks Exactly Like a 


SMJ4164 Y Address Inputs 
@ Separate Serial In and Serial Out to Allow Column-Address Strobe 
Simultaneous Shift In and Out Random-Access Data In 
; . : Random-Access Data Out 
65,536 x 1 Organization Row-Addioes Strobe 
Supported by TI's Video System Controlle Serial Data Clock 
(VSC) , Serial Data In 
. <= Serial Output Enable 
@ Maximum Access Time from RAS Less Serial Pista Out 
Than 150 ns Register Transfer/OQ Output Enable 
@ Minimum Cycle Time (Read or Write) Less 5-V Supply 
Than 240 ns Ground 


Write Enable 





Long Refresh Period . .. 4 ms 


Low Refresh Overhead Time . . . As Low As 
1.7% of Total Refresh Period 


@ All Inputs, Outputs, Clocks Fully TTL 
Compatible 


@ 3-State Unlatched Outputs for Both Random 
and Serial Access 


@ Common I/O Capability with Early Write 
Feature 


Page-Mode Operation for Faster Access 


Cited by Research 








@ Low Power Dissipation (SMJ41 61-15) & Development magazine for 
— Operating... 250 mW (Typical) | tesa fe 0 
ams Standby ...80 mW (Typical) _ products of the 
@ New SMOS (Scaled-MOS) N-Channel i 
Technology 
@ SOE Simplifies Multiplexing of Serial Data 
Streams _ 
PRODUCTION DATA documents contain information ° Copyright © 1985, Texas Instruments Incorporated 
current as of publication date. Products conform I 
to specifications per the terms of Texas Instruments TEXAS 


standard warranty. Production processing does not 
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description 


The SMJ4161 is a high-speed, dual-access 65,536-bit dynamic random-access memory. The random- 
access port makes the memory look like it is organized as 65,536 words of one bit each like the SMJ4164. | 
The sequential access port is interfaced to an internal 256-bit dynamic shift register organized as four 
cascaded 64-bit shift registers which makes the memory look like it is organized as up to 256 words of 
up to 256 bits each which are accessed serially. One, two, three, or four 64-bit shift registers can be 
sequentially read out after a transfer cycle depending on a two-bit code applied to the two most significant 
column address inputs. The SMJ4161 employs state-of-the-art SMOS (Scaled-MOS) N-channel double- 
level polysilicon gate technology for very high performance combined with low cost and improved reliability. 


The SMJ4161 features full asynchronous dual access capability except when transferring data between 
the shift register and the memory array. 


Refresh period is extended to 4 milliseconds, and during this period each of the 256 rows must be strobed 
with RAS in order to retain data. CAS can remain high during the refresh sequence to conserve power. 
Note that the transfer of a row of data from the memory array to the shift register also refreshes that row. 


All inputs and outputs, including clocks, are compatible with Series 54 TTL. All address lines and data 
in are latched on chip to simplify system design. Data out is unlatched to allow greater system flexibility. 


The SMJ4161 is offered in a 20-pin ceramic dual-in-line package. It is guaranteed for operation from 
Ta = -55°C to Tc = 100°C. The dual-in-line package is designed for insertion in mounting-hole rows 
on 7,62-mm (300-mil) centers. 


random access address space to sequential address space mapping 


The SMJ4161 is designed with each row divided into four, 64-column sections (see functional block 
diagram). The first column section to be shifted out is selected by the two most significant column address 
bits. If the two bits represent binary OO, then one to four registers can be shifted out in order. If the two 
bits represent binary 01, then only 1 to 3 (the most significant) registers can be shifted out in order. If 
the two bits represent binary 10, then one to two of the most significant registers can be shifted out in 
order. Finally, if the two bits represent 11 only the most significant register can be shifted out. All registers 
are shifted out with the least significant bit (bit O) first and the most significant bit (bit 63) last. Note that 
if the two column address bits equal 00 during the last register transfer cycle (TR/QE at logic level ‘‘0”’ 
as RAS falls) a total fo 256 bits can be sequentially read out. 





TEXAS 4 
INSTRUMENTS 


POST OFFICE BOX 225012 © DALLAS, TEXAS 78265 


SMJ4161 
65,536-BIT MULTIPORT VIDEO RAM — 





functional block diagram 


CAS TIMING & CONTROL 









(1/2) 4 OF 256 COLUMN DECODE 


256 SENSE - REFRESH gw 
AMPLIFIERS p++ 


{1/2) 4 OF 256 COLUMN DECODE 


{1/2) MEMORY ARRAY 
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DECODE 











DUMMY CELLS 


we es 
| eto] 
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oo 01 
COLUMN 192 
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SCLK 






10F 4 
~ SELECTOR Le 


SOUT 
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random-access operation 
TR/QE 
The TR/QE pin has two functions. First, it selects either register transfer or random-access operation as 
RAS falls, and second, if this is a random-access operation, it functions as an output enable after CAS falls. 


To use the SMJ4161 in the random-access mode, TR/QE must be high as RAS falls, Holding TR/QE high 
as RAS falls keeps the 256 elements of the shift registers disconnected from the corresponding 256 bit 
lines of the memory array. If data is to be transferred, the shift registers must be connected to the bit 
lines. Holding TR/QE low as RAS falls enables the 256 switches that connect the shift registers to the bit lines 
and indicates that a transfer will occur between the shift registers and one of the memory rows. 


During random-access operation, once CAS has been pulled low, TR/QE controls when the data will appear 
at the Q output (if this is a read cycle). Whenever TR/QE is held high during random-access operation, 
the Q output will be in the high-impedance state. This feature removes the possibility of an overlap between 
data on the address lines and data appearing on the Q output making it possible to connect the address 
lines to the Q and D lines (Use of this organization prohibits the use of the early write cycle.). 
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address (AO through A7) 

Sixteen address bits are required to decode 1 of 65,536 storage cell locations. Eight row-address bits are 
set up on pins AO through A7 and latched onto the chip by the row-address strobe (RAS). Then the eight 
column-address bits are set up on pins AO through A7 and latched onto the chip by the column-address 
strobe (CAS). All addresses must be stable on or before the falling edges of RAS and CAS. RAS is similar 
to a chip enable in that it activates the sense amplifiers as well as the row decoder. CAS is used as a chip 
select activating the column decoder and the input and output buffers. 





write enable (W) 


The read or write mode is selected through the write enable (W) input. A logic high on the Ww input selects 
the read mode and a logic low selects the write mode. The write-enable terminal can be driven from standard 
TTL circuits without a pull-up resistor. The data input is disabled when the read mode is selected. When 
W goes low prior to CAS, data out will remain in the high-impedance state for the entire cycle permitting 
common I/O operation. 


data in (D) 


Data is written during a write or read-modify-write cycle. The falling edge of CAS or W strobes data into 
the on-chip data latch. This latch can be driven from standard TTL circuits without a pull-up resistor. In 
an early write cycle, W is brought low prior to CAS and the data is strobed in by CAS with setup and 
hold times referenced to this signal. In a delayed write or read-modify-write cycle, CAS will already be 
low, thus the data will be strobed in by W with setup and hold times referenced to this signal. 


data out (Q) 


The three-state output buffer provides direct TTL compatibility (no pull-up resistor required) with a fan 
out of two Series 54 TTL loads. Data out is the same polarity as data in. The output is in the high-impedance 
(floating) state as long as CAS or TR/QE is held high. Data will not appear on the output until after both 
CAS and TR/GE have been brought low. In a read cycle, the guaranteed maximum output enable access time 
time is valid only if tcagE is greater than tcqe MAX, and tRLCL is greater than tRLCL MAX. Likewise, 
ta(C) MAX is valid only if tRLCL is greater than tRLCL MAX. Once the output is valid, it will remain valid 
while CAS and TR/QE are both low; CAS or TR/OQE going high will return the output to a high-impedance 
state. In an early write cycle, the output is always in a high-impedance state. In a delayed write or read-' 
modify-write cycle, the output will follow the sequence for the read cycle. In a register transfer cycle, 
the output will always be in a high-impedance state. 


refresh 


A refresh operation must be performed at least every four milliseconds to retain data. Since the output 
buffer is in high-impedance state unless CAS is applied, the RAS-only refresh sequence avoids any output 
during refresh. Strobing each of the 256 row addresses (AO through A7) with RAS causes all bits in each 
row to be refreshed. CAS can remain high (inactive) for this refresh sequence to conserve power. 


page mode 


Page-mode operation allows effectively faster memory access by keeping the same row address and strobing 
successive column addresses onto the chip. Thus, the time required to setup and strobe sequential row 
addresses for the same page is eliminated. To extend beyond the 256 column locations on a single RAM, 
the row address and RAS are applied to multiple 64K RAMs. CAS is then decoded to select the proper RAM. 


power up 


After power up, the power supply must remain.at its steady-state value for 1 ms. In addition, RAS must 
remain high for 100 ys immediately prior to initialization. Initialization consists of performing eight RAS 
cycles before proper device operation is achieved. 
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sequental access operation 


TR/QE 

Memory transfer operations involving parallel use of the shift register are first indicated by bringing TR/QE 
low before RAS falls low. This enables the switches connecting the 256 elements of the shift register 
to the 256 bit lines of the memory array. The W line determines whether the data will be transferred from 
or to the shift registers. 


write enable (W) 


In the sequential access mode, W determines whether a transfer will occur from the shift registers to the 
memory array, or from the memory array to the shift registers. To transfer from the shift registers to the 
memory array, W is held low as RAS falls, and, to transfer from the memory array to the shift registers, 
W is held high as RAS falls. Thus, reads and writes are always with respect to the memory array. The 


write setup and hold times are referenced to the falling edge of RAS for this mode of operation. 
row address (AO through A7) 


Eight address bits are required to select one of the 256 possible rows involved in the transfer of data to 
or from the shift registers. AO-A7, W, and TR/QE are latched on the falling edge of RAS. 


register column address (A7, A6) 


To select one of the four shift registers (transfer from memory to register only), the appropriate 2-bit column 
address (A7, A6) must be valid when CAS falls. However, the CAS and register address signals need not 
be supplied every cycle, only when it is desired to change or select a new register. 


SCLK 


Data is shifted in and out on the rising edge of SCLK. This makes it possible to view the shift registers 
‘as though it were made of 256 rising edge D flip-flops connected D to Q. The SMJ4161 is designed to 
work with a wide range duty cycle clock to simplify system design. Note that data will appear at the SOUT 
pin not only on the rising edge of SCLK but also after an access time of ta(RSQ) from RAS high during 
a parallel load of the shift registers. 


SIN and SOUT 


Data is shifted in through the SIN pin and is shifted out through the SOUT pin. The SMJ4161 is designed 
such that it requires 3 ns hold time on SIN as SCLK rises. SOUT is guaranteed not to change for at least 
6 ns after SCLK rises. These features make it possible to easily connect SMJ4161s together, to allow 
SOUT to be connected to SIN, and to give external circuitry a full SCLK cycle time to allow manipulation 
of the serial data. If SOUT is connected to SIN, the SCLK cycle time must include tsy(Si). When loading 
data into the shift register from the serial input in preparation for a shift-register-to-memory transfer 
operation, the serial clock must be clocked an even number of times. To guarantee proper serial clock 
sequence after power up, a transfer cycle must be initiated before a serial data stream is applied at SIN. 


SOE 


The serial output enable pin controls the impedance of the serial output, allowing multiplexing of more 
than one bank of SMJ4161 memories into the same external video circuitry. When SOE is at a logic low 
level, SOUT will be enabled and the proper data read out. When SOE is at a logic high level, SOUT will 
be disabled and be in the high-impedance state. 





refresh 


The shift registers are also dynamic storage elements. The data held in the registers will be lost unless 
SCLK goes high to shift the data one bit position, a transfer write operation is invoked, or the data is reloaded 
from the memory array. See specifications for maximum register data retention times. 
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absolute maximum ratings over operating temperature range (unless otherwise noted) t 


Voltage on any pin except Vpp and data out (see Note 1).................... -1.5Vto 10V 
Voltage on Vpp supply and data out with respect to Vss- a Dicgalesth ete earte ecole che rands o SEARO + -1Vto6V 
Short circuit output current... ..... 2.2... eee ee eee Suarwte oA: tke ee Was haa a 50 mA 
Power dissipation... .......... 0022 e eee eeee sie eee aby Sratcg eS wese. Gal 8 ees B Sidionay See helaho dee aie 

Minimum operating free-air temperature... 2.0... ee ee ee eee eee -~55°C 
Operating case temperature... 1... 6. ee eee eee ete ee ee ee ees 100°C 
Storage temperature range... . 1... .- ee cee ee ee eee eee eee —65°C to 150°C 


tStress beyond those listed under ‘‘Absolute Maximum Ratings’ may cause permanent damage to the device. This is a stress rating only 
and functional operation of the device at these or any other conditions beyond those indicated in the ‘‘Recommended Operating Conditions’ 
section of this specification is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 


NOTE 1: All voltage values in this data sheet are with respect to Vss. 


recommended operating conditions 


Supply voltage 4.75 5 5.2 
Supply voltage aay peel 


High-level input voltage 2. oe 
Low-level input voltage (see Notes 2 and 3) ~-0. 


Operating free-air temperature —-—— 
Operating case temperature P1000 | 





NOTES: 2. The algebraic convention, where the more negative (less positive) limit is designated as minimum, is used in this data sheet for 


logic voltage levels only. 


3. Due to input protection circuitry, the applied voltage may begin to clamp at —0.6 V; test conditions must comprehend this 


occurrence. 
4. See application report entitled ‘‘TMS4164A and TMS4416 Input Protection Diode’’ on page 9-5. 





TEXAS 4 
INSTRUMENTS 


POST OFFICE BOX 225012 ® DALLAS, TEXAS 75265 


SMJ4161 
65,536-BIT MULTIPORT VIDEO RAM 





electrical characteristics over full range of recommended operating conditions (unless otherwise noted) 










SMJ4161-15 SMJ4161-20 
TEST TION: 

bicichaddas oh Sonn MIN TYP’ MAX | MIN TYPT MAX 
High-level output 

I = -5mA 
Low-level Sut 

| 
voltage (Q, SOUT) OL = 2A 


=OVto0 5.8V, 


H 
oO 


Input current (leakage) ee 5V, 

All other pins = OV 
Output current (leakage) Vo = 0.4 V to 5.5 V, 
(Q,SOUT) Vpp = 5V 













H 
= 
oO 


lot 


te(rd) = minimum cycle time, 
TR/GE low after RAS falls, § 


duri d it ; SCLK and SIN low, 
uring read or write cycie 
2 ¥ SOE high 





Average operating current 


No load on Q and SOUT 


| = 
After 1 — RAS cycle, 
RAS and CAS high, 
lpp21 Standby current SCLK and SIN low, 
SOE high, 
No load on Q and SOUT : 
te(rd) = minimum cycle time, 
CAS high, RAS cycling, 
SCLK and SIN low, 
SOE high, | 
TR/QE high, 
No load on Q and SOUT 
tc(p) = minimum cycle time, 
RAS low, CAS cycling, 
TR/GE low after RAS falls, 
SCLK and SIN low, 
SOE high, 
No load on OQ and SOUT 
RAS and CAS high, 
No load on Q and SOUT, 


te(SCLK) = te(SCLK) min 
minimum cycle time, 




















!pp3 Average refresh current 



























Ipp4 Average page-mode current 





Average shift register 


I 
DDS current (includes Ipp2) 





te(rd) = 
te(SCLK) = minimum cycle time, 


TR/GE low after RAS falls, 
No load on Q and SOUT 


Worst case average 
Ipp6 DRAM and shift 
register current 


Tall typical values are at TA = 25°C and nominal supply voltages. 
tSouT output current (leakage) is guaranteed but not tested. 

5See appropriate timing diagram. 

Wit > -0.6 V. 


i 
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capacitance over recommended supply voltage and operating temperature range, f = 1 MHz 


PARAMETER Typt MAX | UNIT 


Cita) Input capacitance, address inputs os we = i 
1 a See 


Cilp Input capacitance, data input 
switching characteristics over recommended supply voltage range and operating temperature range 


Circ Input capacitance, strobe inputs 
(see Figure 1) 
t smv4161-15 | $MJ4161-20 | 
TEST CONDITIONS aN BAA 
CL = 


Ci(w) Input capacitance, write enable input 


Ci(cK) Input capacitance, serial clock 
Ci(si) 
Ci(SOE) 
CTR) 
Co(Q) 
Co(souT) 


Input capacitance, serial in 

Input capacitance, serial output enable 
Input capacitance, register transfer input 
Output capacitance, random-access data 
Output capacitance, serial out 





TAN typical values are at Ta = 25°C and nominal supply voltages. 


PARAMETER 


ta(C) Access time from CAS 


ta(QE) 


ta(R) 


ta(RSO) 


ta(SOE) 


ta(SO) 


7 sjonpoig AseqyiA 


tdis(CH) 


tdis(Qe) 


tdis(SOE) 


Access time of Q from 
TR/GE low 


tRLCL = max, 


= 80 pF, 
Access time from RAS CL 


lo. = 4.2 mA, 


loH = -—5mA 
SOUT access time from ; 
RAS high 

Access time from SOE 
low to SOUT 

Access time from SCLK 
Q output disable time 
from CAS high 

Q output disable time 
from TR/GE high 

Serial output disable time 
from SOE high 





tFigure 1 shows the load circuit; CL values shown are typical for test system used. 
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timing requirements over recommended supply voltage range and operating temperature range 


ALT. SMJ4161-15 $MJ4161-20 UNIT 
symeo._ [MIN MAX | MIN MAX | 
a 


te(rd) Read cycle timet tac 
to(w Write cycle time twc 
te(TW) Transfer write cycle time 

te(Trd) Transfer read cycle time 

te(rdW) Read-write/read-modify-write cycle time 
te(SCLK) Serial clock cycle time (see Note 5) 





te(P) Page-mode cycle time 


tRWC 
tScc 


Cc 
tCAS 


45 50,000 55 50,000 


tw(CH) Pulse duration,CAS high (precharge time)§ 


100 10,000 135 10,000 


twiCL) Pulse duration, CAS low! 






tw(RH) Pulse duration, RAS high (precharge time) 


twiRL) Pulse duration, RAS low# 150 10,000 | 200 10,000 


tw(W) Write pulse duration 


- 


twiCKL) Pulse duration, SCLK low! 

twiCKH) Pulse duration, SCLK high! 

tw(Qe) TR/GE pulse duration low time {read cycle) 
tsu(CA) Column address setup time 

tsu(RA) Row address setup time 


tasc 
tASR 


co 


; W setup time before RAS low 
su(RW) with TR/GE low 


tsu(D Data setup time 

tsu(rd) Read command setup time tRcs 
. Early write command setup time : 
su(WCL) before CAS low wes 


tsu(WCH) Write command setup time before CAS high tCWL 
tsu(WRH) Write command setup time before RAS high tRWL 


tsu(TR) TR/GE setup time before RAS low 
tsu(SI) Serial data setup time before SCLK high 
th(Sl) Serial data in hold time after SCLK high 


thi(CLCA) Column address hold time after CAS low tCAH 
th(RA) Row address hold time tRAH 


thiRW) W hold time after RAS low with TR/GE tow 
th(RLCA) | Column address hold time after RAS lo 


. Military Products 








taR 





Continued next page. 
NOTES: 5. te(SCLKk) min is tested by connecting SIN to SOUT and test conditions include tgy(s}), see paragraph entitled SIN and SOUT on 
page 5. ; ; 
6. Timing measurements are made at the 10% and 90% points of input and clock transitions. In addition, Vj, max and Viy 
min must be met at the 10% and 90% points. 
7. System transition times (rise and fall) for RAS, CAS, and SCLK are to be a minimum of 3 ns and a maximum of 50 ns. 
TAIl cycle times assume tr = 5 ns except tce(ScLK) which assumes ty = 3 ns. 
+Multiple transfer write cycles require separation by either a 1-ys RAS-precharge interval or any other active RAS-cycle. 
§Page-mode only. . 
{In a read-modify-write cycle, tcLWL and tsu(WCH) must be observed. Depending on the user’s transition times, this may require additional! 
CAS low time (ty(cL)). This applies to page-mode read-modify-write also. 
#1n a read-modify-write cycle, tRLWL and tsu(WRH) Must be observed. Depending on the user's transition times, this may require additional 
RAS low time (tw(RL))- 
I This parameter is guaranteed but not tested. 
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timing requirements over recommended supply voltage range and operating case temperature range 
(concluded) 


sce 
ae 


‘ Serial data out hold time after 
h(RSO) RAS low with TA/OE low! 


thiso Serial data out hold time after SCLK high 
th(TR) TR/GE hold time after RAS low (transfer) 


ALT. 
SYMBOL 


|_smuaiet-15_ | sMJ4161-20 


UNIT 

















= 
> 
a 


tRLCH Delay time, RAS low to CAS high tCSH 
tCHRL | Delay time, CAS high to RAS low tcrP 


tCLRH Delay time, CAS low to RAS high tRSH 
Delay time, CAS low to W low 
(read-modify-write cycle only) 
Delay time, CAS low to QE low 
tcQE (maximum value specified only 
to guarantee tg(Qe) access time) 


tRHSC Delay time, RAS high to SCLK high 


Delay time, RAS low to CAS low (maximum 
_ value specified only to guarantee access time) 
Delay time, RAS low to W low 
{read-modify-write cycle only) 
tent Delay time, SCLK high before 
RAS low with TR/GE low * 


trf(MA) Refresh time interval, memory array tREF1 


trf(SR) Refresh time interval, shift register? 


tCLWL 


~ 


tcwbD 













tRLCL tRCD 


TRLWL tRWD 


= 
° 





50,000 50,000 


NOTE 6: Timing measurements are made at the 10% and 90% points of input and clock transitions. In addition, Vj, max and Viyy min 
must be met at the 10% and 90% points. 
Ithis parameter is guaranteed but not tested. ; 


*SCLK may be high or low during tw(RL)- but there cannot be any positive edge transitions on SCLK for a minimum of 10 ns prior to 
RAS going low with TR/QE low (i.e., before a transfer cycle). 


"See “‘refresh’’ on page 8-7. 
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PARAMETER MEASUREMENT INFORMATION 


lonor 


A CL = 80 pF 


OUTPUT 
UNDER TEST 


FIGURE 1. EQUIVALENT LOAD CIRCUIT 
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read cycle timing 


RAS 


CAS 


AO-A7 


le s}OnNpoidg Aer 
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TR/QE 





fo 
v tw(RL) ———— 7 


a jo—te je——— tcLRH ———» Lao 
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‘> trLCH—_ 


| | iar et 
tsu(RA | | 
| 7 id | twicH} ———— 
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| Pte | Laas aaa | 
| 1 | | pepteuca | 1 | 


OK SOL mm NOC XX) 


j>-———++ thicica) | | 
a tsu(TR) | | 


Fees L— | | | le , 
| —>| Jo—thinHrd) 


Lj 
ae 


| 
| 
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early write cycle timing 


ee Se ee eres 
tw(RL) 


— | 7 Vin 
. RAS | i | fe 
“ fete fe—————tcLRH w(RH) ——» 
[fo 'RLCL —efe——wict) ——o} a om 
py vases aes are popped sae 
| | —+ = | 
—— N VIH 
CAS | { 
Mg ViL 


‘: ihe l a ee 


i ! 
eae | 


ome | | | 
—| fen : | 


ay ESOL HEY KK 
| 


fo thiCLCA) 
lnc beeen 
Su ——— 
aaa l 


14 
a QXXX XK OX KKKKK, 





so jo—— 


St 


=| 


et ees Vin 
(X von cane ) mae : I ALKYL XXX) ‘ 


———_ wi) <a 
thw) ae 
| je—thicio) 
—— 


Vin 
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write cycle timing 


SSS rae ee oe 
= SS twiRL) eas ie 
RAS : 
t | ! | ViL 
tt 


| eas }>-——————tctpH + jo— twiRH) — 
| | | 


| i RLCH of le—— tcnt-——o 


= twicl) > Vin 
= vee : ! | Vib 


Hes ffl ree 
ern tt 
mei ae | 









——___—— 
| | _ fe—tsuica | ms a l 
V, 
not Dh mht oom 4 XK Xvawteate XXXK? : 
—>| be toute fer ticica) [ A VIL 
ee. l | 
TR/OE Vi 
Vit 


arr Crs tsu(WRH) 
}>——___}_— th(RLW) | | 
oe thiCLW) iad 


VIH 
\/\\/ V/V \A/\/ 
XE EX us ras AX x OSG XX va 


l le! tsuiwoH} f l 


sjonpoig AieuyjliN 





Ww 
| aw 
‘a | 1 ——— thw) ->| : , 
pf thic.o) >} l 
ec aeen 7 | 
VIH 
D KPI _waswonrn OKAY m" 
tsup) 1 ke jo—vt- tis (Qe) 
e— ‘coE——ofe—ot- talQe) Tums tdis(CH) 
j-——_ tent VoH 


re] NOT VALID 
VoL 


tThe enable time (ten) for a write cycle is equal in dhivation to the access time from CAS {ta(c)) in a read cycle; but the active levels at 
the output are invalid. 
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read-write/read-modify-write cycle timing 


te(rdW) Pe 


beg tL) les 
RAS | ViH 
t 5 — a te 
Le— trict 


{ | ee ae eee _——a 
to 


‘ 
a i. oN be wc.) —_____—-» aan Vin 
—>| pe teuiral a tN Vit 
iy! | ana 





jo———_— twi(CH) 
H | mena i 
*hiRA) (— eae 
al et uca ' I \! 
he 
ViH 
- ViL 
—»|  be— tsuitR) 
thiTR) a ly] | . 
f+ twiaei—t-7->} Vin 
TRIGE " | ' 
VIL 


| \ 
tsu(rd) 4 Jo——*suiwen ae | 


jo————tsuwr) aL 


| 
———, th(RLW) a | 
| it | 

| 































Patan) Ut p nicLw) ————->} | 
| ae | a 










VIH 
WwW 
| Vib 
ft in| i | 
jt 9] | [ 
aa aot Pare 
| t aif testo |. | | 
t if | | Vin 
D 
Vit 






—>| ft ‘aisiae) 


= j 
l —>|  fetaiae) j>——»t— taisicH) 
| 


: 
j-—— tcaE——| 
; VoH 
a VALID DATA 
I ‘| VoL 
——ac) 
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e— 
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{ 
| 
| bia Bs 
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| tdis(CH) 


NOTES: 8. Timing is for non-multiplexed D, Q, and Address lines. 
9. A write cycle or a read-modify-write cycle can be intermixed with read cycles as long as the write and read-modify-write timing 
specifications are not violated. 
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NOTES: 8. Timing is for non-multiplexed D, Q, and Address lines. 
10. A read cycle or a read-modify-write cycle can be intermixed with write cycles as long as the read and read-modify-write timing 
specifications are not violated. 
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NOTES: 8. Timing is for non-multiplexed D, Q, and Address lines. ; ; 
11. A read cycle or a write cycle can be intermixed with read-modify-write cycles as long as the read and write timing specifications are 
not violated. 
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shift register to memory timing 
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The shift register to memory cycle is used to tranfer data from the shift register to the memory array. Every one of the 256 
locations in the shift register is written into the 256 columns of the selected row. Note that the data that was in the shift 
register may have resulted, either from a serial shift in or from a parallel load of the shift register from one of the memory array rows. 
SOE assumed low. 

SCLK may be high or low during tyw(RL)- 

Multiple transfer write cycles require either a 1-zs RAS-precharge interval or any other active RAS cycle before initiation of the 
transfer write cycles and separation between any two consecutive transfer write cycles. 
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memory to shift register timing 
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SOE assumed low. 


SCLK may be high or low during tyw(RL)- 

Multiple transfer write cycles require either a 500-ns ‘RAS-precharge interval or any other active RAS cycle before initiation 
of the transfer write cycles and separation between any two consecutive transfer write cycles. 

The memory to shift register cycle is used to load the shift register in parallel from the memory array. Every one of the 256 
locations in the shift register are written into from the 256 columns of the selected row. Note that the data that is loaded 
into the shift register may be either shifted out or written back into another row. 
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serial data shift timing 


a s}onpoig Ase zl 


SCLK 


SIN 


SOUT 


ja ee te(SCLK) > 
}*+— twickH)—>} | 





— twicKy——el 





oe | }o—tsuisn—ot | 


—eile thist) | 


OMEN 


ta(S0)—fo—m| 
thiso)-to—>| 


k++ ta(SOE) 






DON’T CARE 






on page 5. 


fe-——— twickL] —o 
4 


VALID 


BITN+1 













| 
ib thisi) 


(X DON’T CARE 


| jo—et—taiso) 
leet thiso) 






taisisoe1-te—o| 





VIH 


VIL 


VIH 


Vit 


VIH 


ViL 


VIH 


Vit 


NOTES: 5. te(SCLk) min is tested by connecting SIN to SOUT and test conditions include tsu(SI) see paragraph entitled SIN and SOUT 


17. While shifting data through the serial shift register, the state of TR/OE is a don’t care as long as TR/QE is held high when 
RAS goes low and tsu(TR) 4nd th(TR) timings are observed. This requirement avoids the initiation of a register-to-memory or 
memory-to-register data transfer operation. The serial data transfer cycle is used to shift data in and/or out of the shift register. 

18. When loading data into the shift register from the serial input in preparation for a shift-register-to-memory tranfer operation, 


the serial clock must be clocked an even number of times. 
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ee sear ery rr tCHRL | 
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| al 
exst | l ti l A ‘ lar 
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thiRLCA) boy a8 l Le tirica) 
wale f- —| ie +. aes 


thina)t—ye4 e- -4 Ltauicay | 
Tig a 
ii I re l ne ' tsu(TR) = be-wicrcay | : 
thi(TR) th(TR) thiTR) 
= 1 ly ie 
mar KX HAXNOETEEXXXED Om AXES 9 ARXXXXYER RL 
] : 


tsuiRW) I ) tsu(RW) tsu(RW) ei 
hiRW) 


a Fs thiRW) 
= Oe i LEER | SOTEN N Vs xX) SEA 


KK A AEORACR CTSA OMRON CNOGAN ONAN AESES see 
— ai ery Teas A ae ea tmrso1 tansorfp—$-+ J]p—+p-tninsor fea -'arnsor 

















AO-A7 





OLD SAME AS OLD SAME AS 
< NOT VALID OLD SHIFT NOT VALID AS at SR 


jet tCKRL | Pema 
x : trusc —fe—o | 


SCLK: | ; \ \ \ \ / 


TCAS and register address need not be supplied every cycle, only when it is desired to change or select a new register length. 
NOTES: 13. SOE assumed low. 
19. The shift register to memory multiple cycle is used to write the shift register data to more than one row of the memory array. 
An application of this could be clearing all memory. To do this, the SIN line would be held at 0 to fill all locations in the shift 
register with O's. The shift register would then be written into all 256 rows of the memory array in 256 cycles. The random 
output port Q will be in a high-impedance state as long as register transfer cycles are selected. 
20. SCLK is a don’t care except that no positive transitions on SCLK can occur for a pero equal to tcx Rt prior to RAS falling with 
TR/GE low. 
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NEW ROW SAME AS 
SOUT SHIT “REG NOT VALID NOT VALID NEW ROW NOT VALID NEW ROW 
DATA DATA 


wig tCKRL | taso;-—o} 


trusc —+—e} | 
SCLK : 


TCAS and register address need not be supplied every cycle, only when it is desired to change from one register to another. 
NOTES: 13. SOE assumed low. 
20. SCLK is a don’t care except that no positive transitions on SCLK can occur for a period equal to tcKR, Prior to RAS falling with 
TR/GE low. 
21. The memory to shift register to memory multiple cycle is used to reorder the rows within the memory array itself. First, the 
data in a row is stored in the shift register and then it is written into other selected rows. The random output port Q will 
be in a high-impedance state as long as register transfer cycles are selected. 


Vin 


Vit 


Buu ejdyjnus Arowew 0} 19)SIBe, 3yIys 0} AroweU 
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Ipp6 — Supply Current — mA 
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SMJ4164 
65,536-BIT DYNAMIC RANDOM-ACCESS MEMORY 


NOVEMBER 1985 











JD PACKAGE 
(TOP VIEW) 





65,536 X 1 Organization 


DESC Approved 
—SMJ4164-15JDS DESC No. 8201006EX 
—SMJ4164-20JDS DESC No. 8201007EX 


@ Single 5-V Supply (+ 10% Tolerance) 


JEDEC Standardized Pinout in Ceramic Dual- 
in-Line Package (JD Suffix) 


@ Upward Pin Compatible with ‘4116 (16K 





Dynamic RAM) 

@ Available Temperature Ranges with FG PACKAGE 
MIL-STD-883C High-Reliability Processing: (TOP VIEW) 
—S... —55°C to 110°C , 

—E... —40°C to 85°C 


—-L...0°C to 70°C 
Long Refresh Period... 4 ms 


Low Refresh Overhead Time . . . As Low As 
1.8% of Total Refresh Period 


@ All Inputs, Outputs, Clocks Fully TTL 
Compatible 


3-State Unlatched Output 





Common I/O Capability with Early Write 
Feature 


@ Page-Mode Operation for Faster Access 


Low Power Dissipation 
—Operating .. . 125 mW (Typ) 
—Standby ... 17.5 mW (Typ) 


© Performance Ranges: Column-Address Strobe 


Address inputs 


= Military Products 





ACCESS ACCESS READ READ- Daan. 
TIME TIME. OR MODIFY- No Connection 
ROW COLUMN WRITE WRITE Data Out 
ADDRESS ADDRESS CYCLE CYCLE t Row-Address Strobe 
(MAX) (MAX) (MIN) = (MIN) 5-V Supply 
‘4164-12 120 ns 7Ons 230ns 260ns Ground 


‘4164-15 150 ns 85ns 260ns 285ns 
‘4164-20 200ns 135ns 326ns 345ns 


@ New SMOS (Scaled-MOS) N-Channel 
Technology 





Write Enable 


description 


The SMJ4164 is a Military high-speed, 65,536-bit, dynamic random-access memory, organized as 65,536 
words of one bit each. It employs state-of-the-art SMOS (scaled MOS) N-channel double-level polysilicon 
gate technology for very high performance combined with low cost and improved reliability. 


The SMJ4164 features RAS access times of 120 ns, 150 ns, and 200 ns maximum. Power dissipation 
is 125 mW typical operating and 17.5 mW typical standby. 





PRODUCTION DATA documents contain information ij Copyright © 1985, Texas instruments Incorporated 
current as of publication date. Products conform to Ti 

saverniestions per a be of Texas ene 8-29 
standard warranty. Production processing does no ; 
necessarily include testing of all parameters. INSTRUMENTS 
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Refresh period is extended to 4 milliseconds, and during this period each of the 256 rows must be strobed 
with RAS in order to retain data. CAS can remain high during the refresh sequence to conserve power. 


All inputs and outputs, including clocks, are compatible with Series 54/74 TTL. All address lines and data 
in are latched on chip to simplify system design. Data out is unlatched to allow greater system flexibility. 
Pin 1 has no internal connection to nenew compatibility with other 64K RAMs that use this pin for an additional 
function. 


The SMJ4164 is offered in a 16-pin dual-indine ceramic sidebraze package (JD suffix) and in a leadless 
ceramic chip carrier package (FG suffix). The JD package is designed for insertion in mounting-hole rows 
on 7,62-mm (300-mil) centers whereas the FG package is intended for surface mounting on solder lands 
on 1,27-mm (0.050-inch) centers. The FG package is a three-layer, 18-pad, rectangular ceramic chip carrier 
with dimensions of 7,37 x 10,8 x 1,65 mm (0.290 x 0.425 x 0.065 inches). 


operation 


« s}onpolg Ale}IIAN 


address (AO through A7) 


Sixteen address bits are required to decode 1 of 65,536 storage cell locations. Eight row-address bits are 
set up on pins AO through A7 and latched onto the chip by the row-address strobe (RAS). Then the 
eight column-address bits are set up on pins AO through A7 and latched onto the chip by the column- 


‘address strobe (CAS). All addresses must be stable on or before the falling edges of RAS and CAS. RAS 


is similar to a chip enable in that it activates the sense amplifiers as well as the row decoder. CAS is used 
as a chip select activating the column decoder and the input and output buffers. 


write enable (W) 


The read or write mode is selected through the write-enable (W) input. A logic high on the W input selects 
the read mode and a logic low selects the write mode. The write-enable terminal can be driven from standard 
TTL circuits without a pull-up resistor. The data input is disabled when the read mode is selected. When 
W goes low prior to CAS, data-out will remain in the high- impadance state for the entire ave permitting 
common I/O operation. 


data in (D) 


Data is written during a write or read-modify-write cycle. Depending on the mode of operation, the falling 
edge of CAS or W strobes data into the on-chip data latch. This latch can be driven from standard TTL 
circuits without a pull-up resistor. In an early write cycle, W is brought low prior to CAS and the data 
is strobed in by CAS with setup and hold times referenced to this signal. In a delayed write or read-modify- 
write cycle, CAS will already be low, thus the data will be strobed in by W with setup and hold times 
referenced to this signal. 


data out (Q) 





The three-state output buffer provides direct TTL compatibility (no pull-up resistor required) with a fan 
out of two Series 54/74 TTL loads. Data out is the same polarity as data in. The output is in the high- 
impedance (floating) state until CAS is brought low. In a read cycle the output goes active after the access 
time interval ta(c) that begins with the negative transition of CAS as long as ta(R) is satisfied. The output 
becomes valid after the access time has elapsed and remains valid while CAS is low; CAS going high returns 
it to a high-impedance state. In an early write cycle, the output is always in the high-impedance state. 
In a delayed-write or read-modify-write cycle, the output will follow the sequence for the read cycle. 


refresh 


A refresh operation must be performed at least t every four milliseconds to retain data. Since the output 
buffer is in the high-impedance state unless CAS is applied, the RAS-only refresh sequence avoids 
any output during refresh. Strobing each of the 256 row addresses (AO through A7) with RAS 
causes all bits in each row to be refreshed. CAS can remain high (inactive) for this refresh sequence to 
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page mode 


Page-mode operation allows effectively faster memory access by keeping the same row address and strobing 
successive column addresses onto the chip. Thus, the time required to setup and strobe sequential row 
addresses for the same page is eliminated. To extend beyond the 256 column locations on a single RAM, 
the row address and RAS are applied to multiple 64K RAMs. CAS is then decoded to select the proper RAM. 


power up 


After power up, the power supply must remain at its steady-state value for 1 ms. In addition, RAS 
must remain high for 100 ys immediately prior to initialization. Initialization consists of performing eight 
RAS cycles before proper device operation is achieved. 


logic symbolt 







- RAM 64K X 1 


20D8/21D0 





AO 
Al 


A2 
A3 
A4 
AS 
AG 
A7 





20D15/21D7 


RAS 


CAS 


° Military Products 


vo Sl 


TThis symbol is in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12. 
Pin numbers shown are for the dual-in-line package. 
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functional block diagram 


TIMING & CONTROL 








(1/2 MEMORY ARRAY} 





BUFFER & 

















. s1onpoig AleqyjliN 


10F 41/0 Qa 
SELECTION 

COLUMN 

ADDRESS 

BUFFERS 

(8) ROW 
DECODE (1/2) MEMORY ARRAY 
absolute maximum ratings over operating temperature range (unless otherwise noted) t 

Voltage on any pin except Vpp and data out (see Note 1)................085 -1.5Vto 10 V 
Voltage on Vpp supply and data out with respect to VSS........... 0.0 -1Vto6V 
Short circuit output Current... . 0... ee eee eee eee een ee eee ee eee 50 mA 
Power disSSipattOnisrssk. sis cede va eecey bei, be ered sided a Bia ebb av dee GIR a Mea a wb SES a Bee ONE eRe Raat Oe 1W 
Minimum operating free-air temperature: S version. ....... 2.0.0 ee ee eee eee ee —55°C 
Esversion:..i2 fics Se eG ted ses dt ee ee ee -40°C 
L'V@PSION &: sc. aie SA ed Ge eae Bae Oe eS bea o°c 
Operating case temperature: S version. .... 2... . 0. cece eee ee eee ee te eee eens 110°C 
E.Versionins. wae Oi ene wai ewe og Se sai kt ads Weeds, whwye ele eh 85°C 
; LE. VEISION «wasters odie BEd head Satane ae Weiner ls a ead ae 8 Pas 70°C 
Storage temperature range... 1... 1... ee eee ee eee ee -65°C to 150°C 


tStresses beyond those listed under ‘‘Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress rating 
only and functional operation of the device at these or any other conditions beyond those indicated in the ‘‘Recommended Operating 
Conditions’’ section of this specification is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect 
device reliability. 


NOTES: 1. All voltage values in this data sheet are with respect to Vss. 
: 2. Additional information concerning the handling of ESD sensitive devices is available in a document entitled ” Guidelines for 
’ Handling Electrostatic-Discharge-Sensitive (ESDS) Devices and Assemblies” in Section 12. 





TEXAS 4 
_ INSTRUMENTS 


POST OFFICE BOX 225012 @ DALLAS, TEXAS 75265 


8-32 


SMJ4164 
65,536-BIT DYNAMIC RANDOM-ACCESS MEMORY 





recommended operating conditions 


Vop_ Supply Vortage S| 45 SCS 
Vss_ Supply voltage a a 
VIH Vec+0.3 










High-level 
sec onticies 2.4 
input voltage 

: Low-level 

ViL input voltage 





(Notes 3 and 4) 
Operating free- 

TA . 
air temperature 
Operating case 

Tc 
temperature 

NOTES: 3. The algebraic convention, where the more negative (less positive) limit is designated as minimum, is used in this data sheet 


for logic voltage levels only. 
4. Due to input protection circuitry, the applied voltage may begin to clamp at ~0.6 V. Test conditions should comprehend this 


occurrence. See Application Report entitled ‘‘TMS4164A and TMS4416 Input Diode Protection’’ on page 9-5. 





electrical characteristics over full ranges of recommended operating conditions (unless otherwise noted) 


TEST 
ia da CONDITIONS a 














Vv; = OV to 5.8 V, 
Vop = 5.5 V, 

All other pins = OV 
Vo = 0.4 V to 5.5 V, 


vs 
a 
Vpb = OV. 


+10 + pA 
CAS high 
ispat Average operating current te = minimum cycle, 40 48 
during read or write cycle All outputs open 
28 40 
28 40 


10 
After 1 memory cycle, 
RAS and CAS high, 
25 37 
. 25 37 
TAI typical values are at Tc = 25°C and nominal supply voltages. 
Additional information on page'8-46. 


All outputs open 
8Vi_ > —0.6 V. See Application Report entitled ““TMS4164A and TMS4416 Input Diode Protection” on page 9-5. 





Input current (leakage) 













Output current (leakage) 
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Vv 
Vv 
pA 
mA 


Ipp22 = Standby current 










te = minimum cycle, 
CAS high and RAS cycling, 
All outputs open 
te(P) = Minimum cycle, 


RAS low and CAS cycling, 


All outputs open 





!pp3* Average refresh current 













Ipp4 Average page-mode current 
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electrical characteristics over full ranges of recommended operating conditions (unless otherwise noted) 


TEST 
PARAMETER sid UNIT 
CONDITIONS MIN TYPt MAX 


Vou __ High-level output voltage lon = —5 mA 124 Jf vit 
VOL Low-level output voltage lol = 4.2 mA Pov | 


v= 88 | 
ef 


Vpp = 5.5 V, 
27 














Input current (leakage) 







All other pins = 0 V 
Vo = 0.4V to 5.5 V, 
Vop = 5 V, 

CAS high 
+ Average operating current te = minimum cycle 
during read or write cycle All outputs open 
After 1 memory cycle, 
RAS and CAS high, 
All outputs open 
te = minimum cycle, 
CAS high and RAS cycling, 
All outputs open 










Output current (leakage) 














20 
+10 
+10 

37 
















Ipp23 Standby current 










Ipp3* Average refresh current 


capacitance over recommended supply voltage range and recommended temperature range, f = 1 MHzt 


te(P) = minimum cycle, 
Average page-mode current RAS low and CAS cycling, 
All outputs open 








Vv 
Vv 
mA 
mA 
mA 
lpp4 A 





TAIl typical values are at Tc = 25°C and nominal supply voltages. 
+ Additional information on page 8-46. 
SV > -—0.6 V. See Application Report entitled ““‘TMS4164A and TMS4416 Input Diode Protection’ on page 9-5. 




















SMJ4164 
PARAMETER Typ? MAX UNIT 
Cia) Input capacitance, address inputs 
Cio Input capacitance, data input 
Ci(RC) Input capacitance strobe inputs | 8  =10] pF | 
Citw) Input capacitance, write enable input | 8 610} pF 
Co Output capacitance p58 OF 


TThese parameters are guaranteed but not tested. : 
+All typical values are at Tc = 25°C and nominal supply voltages. 
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switching characteristics over recommended supply voltage range and recommended operating 
temperature range 


: ALT. SMJ4164-12 | SMJ4164-15 
Ss UNIT 
PARAMETER TEST CONDITION SYMBOL [MIN MAX | MIN MAX | 
. CL = 80 pF, 
ta(C) Access time from CAS seearaire 1 tCAC 70 
Cy = 80 pF,t = MAX, 
ee - Output disable time CL = 80 pF, ‘ 
dis(CH) after CAS see Figure 1 OFF 


ALT. SMJ4164-20 
UNIT 
PARAMETER TEST CONDITIONS SYMBOL | MIN MAX | 
: CL = 80 pF, 
falc) pee Sue ren see Figure 1 oe 
Cy = 80 pF, t = MAX, 
ai Output disable time CL = 80 pF, ¢ 
dis(CH) after CAS high see Figure 1 OFF 
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timing requirements over recommended supply voltage range and recommended operating temperature 
range 


A SMJ4164-12 SMJ4164-15 UNIT 
sympo. [MIN MAX, 
t 










te(P) Page-mode cycle time 
te(rd) Read cycle time 


‘te(w Write cycle time 
te(rdW) Read-write/read-modify-write cycle time tRWC 


LT. 
: - 
- = 
i Wi 
twi(CH Pulse duration, CAS high (precharge time)? tc 
twiCL Pulse duration, CAS low tCAS 70 10,000 85 10,000 
twi(RH Pulse duration, RAS high (precharge time) trp | go | 100 | | 
i twp 
; F 
i tps 


C ee ee 
: | 230 | 260 
ee ee ee ee 
p {| so | so | 






twiRL. Pulse duration, RAS low! tRAS 120 10,000 150 10,000 
tw(W Write pulse duration 


| te Transition times (rise and fall) for RAS and CAS 
tsu(CA) Column-address setup time tasc 


tad 
a 


tsu(RA) Row-address setup time tasR 
tsu(D) Data setup time 


etsy | 

tsu(WCH) _Write-command setup time before CAS high 
tsu(WRH) _Write-command setup time before RAS high 

| RAH | 


thiRA Row-address hold time ‘ tRAH 
th(RLCA) _ Column-address hold time after RAS low 


thiCLD Data hold time after TAS tow tDHC 
th(RLD Data hold time after RAS tow 
thi(WLD Data hold time after W tow tDHW 


thiRHrd) | Read-command hold time after RAS high! 
a 
ae 


tRLCH Delay time, RAS low to CAS high tcsH 


tCHRL Delay time, CAS high to RAS low tcrP 


tCLRH Delay time, CAS low to RAS high 


40 


s 
' 


. sjonpoig AleipliA 


70 





Continued next page. 
NOTE 5: Timing measurements are made at the 10% and 90% points of input and clock transitions. In addition, Vj_ max and Vjy min 
must be met at the 10% and 90% points. 

TAIl cycle times assume ty = 5 ns. 

+Page-mode only. . . 

Sin a read-modify-cycle, tCLWL 2nd tsy(WCH) Must be observed. Depending on the user's transition times, this may require additional 
TAS low time (tyw(CL)). This applies to page-mode read-modify-write also. 

‘in a read-modify-write cycle, tRLWL 2nd tsy(WRH) Must be observed. Depending on the user’s transition times, this may require additional 
RAS tow time (tw(RL))- ° 

IThese parameters are guaranteed but not tested. 
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timing requirements over recommended supply voltage range and recommended operating temperature 
range (continued) 


symeo._ [MIN Max | Min wax | ONT 
(read-modify-write cycle only) 


Delay time, RAS low to CAS low 
«eee | [el le 
to guarantee access time) | 
(read-modify-write cycle only) 
low (early write cycle) 
Pi Fetreshuineimeval er || 


timing requirements over recommended supply voltage range and recommended operating temperature 


range (continued) 
ALT. 

Sp) Paseraeds orcs tre ere 
teqn) Wile evel tne i ee 
te(raW) Read-write/read-modify-write cycle time | tRwoti(‘m];*Ci ns 
tw(CH) Pulse duration, CAS high (precharge time)* tcp | 80 
tw(RH) Pulse duration, RAS high (precharge time) | tee 20 
tw(W) Write pulse duration twp 8 | 
tt Transition times (rise and fall) for RAS and CAS 3 50 
tsu(CA) _Column-address setup time 
tsu(RA) Row-address setup time 
tsu(D) Data setup time [--—_- tpg 

| = = tacs. 


_ tsu(rd) Read-command setup time 


tsu(WRH) _Write-command setup time before RAS high ftw 80ST 



















































th(CLCA) __Column-address hold time after CAS low 


th(RA) Row-address hold time 


thi(RLCA) _ Column-address hold time after RAS low Pe tae I 
thi(CLD) Data hold time after CAS low 


Continued next page. 
NOTE 5: Timing measurements are made at the 10% and 90% points of input and clock transitions. In addition, Vj_ max and Vy min 
must be met at the 10% and 90% points. 

TAI cycle times assume ty = 5 ns. 

+Page-mode only. : 

Sin a read-modify-cycle, tCLWL 8nd tsy(WCH) Must be observed. Depending on the user’s transition times, this may require additional 
CAS low time (tw(cL}). This applies to page-mode read-modify-write also. . 

{in a read-modify-write cycle, tRLWL 2nd tsu(WRH) Must be observed. Depsnding on the user’s transition times, this may require additional 
RAS low time (tw(RL))- . 
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timing requirements over recommended supply voltage range and recommended operating temperature 


range (concluded) 
ALT $MJ4164-20 | 7 


SYMBOL 
th(RLD) Data hold time after RAS low 
thiWLD Data hold time after W low 


thiCHrd Read-command hold time after CAS high! 


thiRHrd Read-command hold time after RAS high! 
thiCcLW Write-command hold time after CAS low 
thiRLW Write-command hold time after RAS low 
tRLCH Delay time, RAS low to CAS high 
tCHRL Delay time, CAS high to RAS low 
tCLRH Delay time, CAS low to RAS high 
Delay time, CAS low to W low 
(read-modify-write cycle only) 
Delay time, RAS low to CAS low 
tRLCL (maximum value specified only 
to guarantee access time) 
Delay time, RAS low to W low 
(read-modify-write cycle only) 
atee Delay time, nu low to CAS 

low (early write cycle) 


tr¢ Refresh time interval : 


IThese parameters are guaranteed but not tested. 


tCLWL 


tRLWL 





7 syonpoig AseqpiA 


wy 
TEXAS 
INSTRUMENTS 


POST OFFICE BOX 225012 @ DALLAS, TEXAS 75265 





8-38 


SMJ4164 


65,536-BIT DYNAMIC RANDOM-ACCESS MEMORY 


PARAMETER MEASUREMENT INFORMATION 


1.31V 


Rt 
OUTPUT 
UNDER 


TEST 
CL 


ove 


FIGURE 1. LOAD CIRCUIT 


read cycle timing 


je ter) —_———_——_————+ 

| 

! ——— twiRL) ————-s| | 
) 


t ko—— tcp ——]_ oe twirRH) ->H 


t 
— tRLCL—}*+—_ twicL) > era tcHaL—>| 
be————— tricH ———_——o 

— tt 


RAS 


=e 


| 
CAS 
{| } eo 
—| }*—tsuira) h— — twiCH) 
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early write cycle timing 


bee sjonpoig Alewpin 
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write cycle timing 
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TThe enable time (ten) for a write cycle is equal in duration to the access time from CAS (ta(c)) in a read cycle; but the active 
levels at the output are invalid. 
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read-write/read-modify-write cycle timing 
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NOTE 7: A read cycle or a read-modify-write cycle can be intermixed with write cycles as long as the read and read-modify-write timing specifications are not violated. 
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NOTE 8: A read or a write cycle can be intermixed with read-modify-write cycles as long as the read and the write timing specifications are not violated. 
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JD PACKAGE 
(TOP VIEW) 





262,144 X 1 Organization 
Single 5-V Supply 
JEDEC Standardized Pinout 


Upward Pin Compatible with SMJ4164 
(64K Dynamic RAM) 


@ Performance Ranges: 


ACCESS ACCESS READ 
TIME TIME OR 
ROW COLUMN WRITE 

ADDRESS ADDRESS CYCLE 


(MAX) (MAX) (MIN) 
SMJ4256-15 150 ns 80 ns 260 ns 
SMJ4256-20 200 ns 100 ns 330 ns 
Address Inputs 
Long Refresh Period . . . 4 ms (Max) Column-Address Strobe 
: ; Data In 
Low Refresh Overhead Time .. . As Low As Data Dik 
a : 
1.3% of Total Refresh Period RowiAddisee Stabs 
@® On-Chip Substrate Bias Generator 5-V Supply 
Ground 
All Inputs, Outputs, and Clocks Fully TTL Write Enable 





Compatible 
@ 3-State Uniatched Output 


@ Common I/O Capability with ‘’Early Write’’ 
Feature 


@ RAS-Only Refresh Mode — 
@ Power Dissipation as Low As F 
—Operating . . . 300 mW (Typ) @ Hidden Refresh Mode 
—Standby ... 12.5 mW (Typ) @ CAS-Before-RAS Refresh Mode 
@ MIL-STD-883C Class B @ Full Military DRAM Temperature 
High-Reliability Processing Range Operation... —55°C to 110°C 


description 


The SMJ4256 is a high-speed, 262, 144-bit dynamic random-access memory, organized as 262,144 words 
of one bit each. It employs state-of-the-art SMOS (scaled MOS) N-channel double-level polysilicon/polycide 
’ gate technology for very high performance combined with low cost and improved reliability. 


The SMJ4256 features maximum RAS access times of 150 ns or 200 ns. Typical power dissipation 
is as low as 300 mW operating and 12.5 mW standby. 


New SMOS technology permits operation from a single 5-V supply, reducing system power supply and 
decoupling requirements, and easing board layout. IDp peaks are -125 mA typical, and a —0.5-V input 
voltage undershoot can be tolerated, minimizing system noise considerations. 


All inputs and outputs, including clocks, are compatible with Series 54 TTL. All address and data-in lines 
are latched on chip to simplify system design. Data out is unlatched to allow greater system flexibility. 


The SMJ4256 is offered in a 16-pin ceramic dual-in-line package. It is guaranteed for operation from — 55°C 
to 110°C. The dual-in-line package is designed for insertion in mounting-hole rows on 7,62-mm (300-mil) 
centers. 





PRODUCTION DATA documents contain information Copyright © 1985, Texas Instruments Incorporated 
current as of publication date. Products conform to : ; 
specifications por the terms of Texas instruments 


standard warranty. Production processing does not EXAS 
necessarily include testing of ii paramaters. INSTRUMENTS 
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-\ operation 
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address (AO through A8) 


Eighteen address bits are required to decode 1 of 262,144 storage cell locations. Nine row-address bits 
are set up on pins AO through A8 and latched onto the chip by the row-address strobe (RAS). Then the 
nine column-address bits are set up on pins AO through A8 and latched onto the the chip by th the column-address 
strobe (CAS). All addresses must be stable on or before the falling edges of RAS and CAS. RAS is similar to 
a chip-enable in that it activates the sense amplifiers as well as the row decoder. CAS is used as a chip select 
activating the column decoder and the input and output buffers. 


write enable (W) 


The read or write mode is selected through the write-enable (W) input. A logic high on the W input selects 
the read mode and a logic low selects the write mode. The write-enable terminal can be driven from standard 
TTL circuits without a pull-up resistor. The data input is disabled when the read mode is selected. When Ww 
goes low prior to CAS, data out will remain in the high-impedance state for the entire cycle permitting 
common I/O operation. 


data in (D) 


Data is written during a write or read-modify-write cycle. Depending on the mode of operation, the falling 
edge of CAS or W strobes data into the on-chip data latch. This latch can be driven from standard TTL 
circuits without a pull-up resistor. In an early write cycle, W is brought low prior to CAS and the data is 
strobed in by CAS with setup and hold times referenced to this signal. In a delayed-write or read-modify- 
write cycle, CAS will already be low, thus the data will be strobed in by W with setup and hold times 
referenced to this signal. 


data out (Q) 


The three-state output buffer provides direct TTL compatibility (no pull-up resistor required) with a fan 
out of two Series 54 TTL loads. Data out is the same polarity as data in. The output is in the high-impedance 
(floating) state until CAS is brought low. In a read cycle the output goes active after the access time interval 
ta(C) that begins with the negative transition of CAS as long as ta(R) is satisfied. The output becomes 
valid after the access time has elapsed and remains valid while CAS is low; CAS going high returns it to 
a high-impedance state. In a read-modify-write cycle, the output will follow the sequence for the read cycle. 


refresh 


A refresh operation must be performed at least once every four milliseconds to retain data. This can be 
achieved by strobing each of the 256 rows (AO-A7). A normal read or write cycle will refresh all bits in 


’ each row that is selected. A RAS-only operation can be used by holding CAS at the high (inactive) level, 


thus conserving power as the output buffer remains in the high-impedance state. 
CAS-before-RAS refresh 


The CAS-before-RAS refresh is utilized by bringing CAS low earlier than RAS (see parameter tcLRL) and 
holding it low after RAS falls (see parameter tRLCHR)- For successive CAS-before-RAS refresh cycles, 
CAS can remain low while cycling RAS. The external address is ignored and the refresh address is 
generated internally. ; 





hidden refresh 


Hidden refresh may be performed while maintaining valid data at the output pin. This is accomplished by 
holding CAS at Vj. after a read operation and cycling RAS after a specified precharge period, similar to 
a ‘‘RAS-only” refresh cycle. The external address is also ignored during the hidden refresh cycles. 





page mode 


Page-mode operation allows effectively faster memory access by keeping the same row address and strobing 
random column addresses onto the chip. Thus, the time required to setup and strobe sequential row 
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addresses for the same page is eliminated. The maximum number of columns that can be addressed is 
determined by tw(RL), the maximum RAS low pulse duration. 


power-up 


To achieve proper device operation, an initial pause of 200 us is required after power up followed by a 
minimum of eight initialization cycles. 


logic symbolt 


AO 
Al 
A2 
A3 
Aa 
AS 
A6 
A7 
A8 


(6) 






RAM 256K X 1 
20D9/21D0 










fens SEE 
262,143 





20D17/21D8 


tThis symbol is in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12. 
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functional block diagram 


RAS CAS Ww 














ROW 
Row 


COLUMN DECODE  —t>—] 
pa 







ROW 
ADORESS 
BUFFERS 


(8) 















A0 
Al ; 4 
ROW 
A2 on 32K ARRAY nerone 32K ARRAY 

Ag ADDRESS 


AS (8) 
A6 


Al 


ROW 


AB 


Voltage range for any pin including Vpp supply (see Note 1).................0008 -1Vto7V 
Short circuit output Current... 0... ee ee ene eee ee eee teen enes 50 mA 
Power dissipation..............002088 SPO Ace eh teal, Wiig ah la oa, ia ale Ne Age ark We ease 1W 
Minimum operating free-air temperature... 2... ee ee teens -—55°C 
Operating case temperature... 6... ee ee eee ete eee eee eens 100°C 
Storage temperature range............... Mood as A wi causal es dntblagy ah aide, Sonera ctu stare eca -65°C to 150°C 


TStresses beyond those listed under ‘‘Absolute Maximum Ratings’’ may cause permanent damage to the device. This is a stress rating 
only and functional operation of the device at these or any other conditions beyond those indicated in the ‘‘Recommended Operating 
Conditions’ section of this specification is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect 
device reliability. 

NOTE 1: All voltage values in this data sheet are with respect to Vss. 


recommended operating conditions 
Supply voltage 4.75 5.25 
7 = Supply voltage ee ed | 
High-level input voltage 
Low-level input voltage (see Note 2) =o8 86 


Operating free-air temperature 








NOTE 2: The algebraic convention, where the more negative (less positive) limit is designated as maximum, is used in this data sheet for 


logic voltage levels only. 
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electrical characteristics over full ranges of recommended operating conditions (unless otherwise noted) 


PARAMETER wesT 
: CONDITIONS 


VoH High-level output voltage loH = -—SmA 
VoL Low-level output voltage lot = 4.2 mA 


| Input current (leakage) Mie 0 IOS NEY, = 3 Me 

a ? All other pins = 0 Vto 5 V 
Vo = OV to 5.5 V, 

I Output current (leakage 

0 . eakege) Vpp = 5 V, CAS high 

| Average operating current te = minimum cycle, 

DD1 during read or write cycle Output open 


After 1 memory cycle, 

Ipp2 Standby current RAS and CAS high, 
: Output open 

te = minimum cycle, 
Ipp3 | Average refresh current RAS cycling, CAS high, 

Output open 

te(P) = minimum cycle, 
Ipp4 Average page-mode current | RAS low, CAS cycling, 

Output open 





TAll typical values are at Ta = 25°C and nominal supply voltages. 


capacitance over recommended supply voltage range and operating temperature range, 
f = 1 MHz 


PARAMETER~ 
Cita) Input capacitance, address inputs 
Ci(D Input capacitance, data input 
Ci(rc) Input capacitance strobe inputs 
Ci(w) Input capacitance, write enable input 
Co Output capacitance 





TAIl typical values are at Ta = 25°C and nominal supply voltages. 


switching characteristics over recommended supply voltage range and operating temperature range 


PARAMETER TEST CONDITIONSt eect ee eng UNIT 


: tRLcL 2 MAX, C_ = 80 pF, 
t : Access time from CAS t 
a(C) lon=—5 MA, Ilo_ =4.2 mA ais 


t = MAX, Cy = 80 pF, 
eee Ee tRAC 
OH=—5 MA, Ilo_=4.2 MA 


Output disable time CL = 80 pF, IoH=—-5 mA, 
tdi t 0 35 
disi(CH) ater TAS high loL=4.2 mA OFF 


TFigure 1 shows the load circuit; Cy, values shown are typical for test system used. 









ta(R) Access time from RAS 
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timing requirements over recommended supply voltage range and operating temperature range 


att. _|_smva2se-15 | sMmJa256-20 


SYMBOL 


te(P) Page-mode cycle time (read or write cycle) tpc 
tc(PM) Page-mode cycle time (read-modify-write cycle) tPCM 


tre 
two 
TRWC 

tw(CH)P Pulse duration, CAS high (page mode) 


Wr 
TASC 
TASR 
ARCS 


: Early write-command setup time : 
su(WCL) before CAS low wes 


tsu(WCH) | Write-command setup time before CAS high tCWL 
tsu(WRH) | Write-command setup time before RAS high tRWL 


thiCLCA) | Column-address hold time after CAS low tCAH 
thi(RA) Row-address hold time tRAH 
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thiCLW) Write-command hold time after CAS low tWCH 
th(RLW) Write-command hold time after RAS low twcr ; 


Continued next page. 
NOTES: 3. Timing measurements are referenced to Vj_ max and Vjy min. 

4. System transition times (rise and fall) for RAS and CAS are to be a minimum of 3 ns and a maximum of 50 ns. 
TAI cycle times assume te = Sons. 
+In a read-modify-write cycle, tcLyw. and tsu(WCH) Must be observed. Depending on the user’s transition times, this may require additional 
CAS low time tw(CL)). This applies to page-mode read-modify-write also. ; 
Sin a read-modify-write cycle, tRLWL 4nd tsu(WRH) Must be observed. Depending on the user’s transition times, this may require additional 
RAS low time (tw(RL))- 
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timing requirements over recommended supply voltage range and operating temperature range 


(concluded) 
SMJ4256-15 SMJ425620 | 
syweot [MIN MA 


tRLCH Delay time, RAS low to CAS high tCSH 
tCHRL Delay time, CAS high to RAS low tcrp 
tCLRH Delay time, TAS low to RAS high 
tRLCHR Delay time, RAS tow to CAS high! tCHR 
tCLRL Delay time, TAS low to RAS low! tcsR 


: Delay time, CAS low to W low ; 
CLWL {read-modify-write cycle only) CWD 













Dil > > 
a x 
Pi] PS} | Pil > 





Delay time, RAS low to CAS low 
tRLCL (maximum value specified only 





tRCD 






to guarantee access time) 






Delay time, RAS low to W low 


t t 
RLWL (read-modify-write cycle only) RWD 


tet Refresh time. interval 


NOTE 3: Timing measurements are referenced to Vj, max and Vy min. 


1CAS-before-RAS refresh only. 





tREF 








PARAMETER MEASUREMENT INFORMATION 


loHOL 
OUTPUT 
UNDER TEST 


FIGURE 1. EQUIVALENT LOAD CIRCUIT 
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read cycle timing 
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early write cycle timing 


ete > 
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| }-—_——————twirts ——__4 | | 


| | ' a 
tet | Gia v }@- twiRH) 
| be tarcr—o} oa H—tcHa—| 
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bo——— tw (CL) ———>{ ViH 
ons | | | i\v 
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tsuina) >| | — fe tsuica) | ——— twico) ———>| 
| }+——tnipLca) ——>} | 
tinay—te—ey | | jo—or- thiCLCA) | 
\ fs |i Vin 
A0-AB (XXX) COO. DON" 
XXXX Ns ViL 
tsuiwCL) >I a | 
| be——— tsutweny_———* l 
+= tsuiwan)——>41 ¥ 
—y thinLw)-————> a) 
\ | | k#——thicLw) a Vin = 
YVVVVVVY YY ¥ XX XKX XY Feet, VV VY KXXKX XXX ro} 
w \! soe ON SN RXRKR ys e 
fib 
| — w(W) > 
| o 
| }e— thicir) —o} = 
bth) >! = 
jtRIRLD) i S 
. XXXKX —ASAA/ WA Wf od Wh OO ti vauopata } ~XXXXKXX V/V VI MONeene 
D OXY DON'T CAREXYAIL VALID DATA RXXXEXXA DON'T CARE X WYXKRXK Vit . Ese | 
i] 
—o|fe— tsu(0) 
Vou 
VoL 
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write cycle timing 
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| Vin 
RAS 
| | VIL 
a a fe tcrty———ey fOr “wiRH 
| be— tric. —> he—tcun —> 
| be ——_—!__taich-—_______»] II 
ware tw(CL) ———Y{ Vin 
CAS 1 | | 
| | VN Vit 
teuina) food | ——>| I~ tsu(ca) | es. oes 
| *— tniptcay 4 —o| le— t; 
thina)—fe-o} I be —f- thicical | (| 
BYYYXY TF FoF apna" a%a?, Vin 
AO-A8B XXXXXX) XXX DON'T CARE . 
DON TT CARE XXXXX si 
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tThe enable time (tgp) for a write cycle is equal in duration to the access time from CAS (ta(c)) in a read cycle; but the active levels at 
the output are invalid. 





TEXAS 
INSTRUMENTS 


8-56 POST OFFICE BOX 225012 © DALLAS, TEXAS 75265 


SMJ4256 
262,144-BIT DYNAMIC RANDOM-ACCESS MEMORY 





read-write/read-modify-write cycle timing 
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TThe enable time (ten) for a write cycle is equal in duration to the access time from CAS ta(C)) in a read cycle; but the active levels at 
the output are invalid. : 
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NOTE 5: A write cycle or a read-modify-write cycle can be intermixed with read cycles as long as the write and read-modify-write timing specifications are not violated. 
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NOTE 6: A read cycle or a read-modify-write cycle can be intermixed with write cycles as long as read and read-modify-write timing specifications are not violated. 


Military Products 





Buju aoA0 eyuM epow-s6ed 


AYOWIWW SS399V-WOONVY SINYNAG LId-bhl'79Z 


9S20rws 


09-8 


S97SZ SVX31‘SV11Vd e@ Z10GZ7Z XO8 391440 180d 


I 


SLNAWNYLSN 


SVX4L 


sjonpoig Alex 





3 


; Se ——————  —— tw(RL) aa aa | 
* are ap? 


tt aaa te(P) ———_—>| *_ tc ——— ati Py 





; So thirtca) +l | 
jt tira) | ep thicica) | 
I 


—el fe tsutnay = —Pl fe tsuica) 


EXON DONT CARE X 
KOO, DON'T CARE 






| th(CLCA) | 
 tsu(CA) li 


tsu(rd) eo | sehelat ba 
: | 

























tsu(WRH) 


tsu(rd) 5 aie | 
| 
















: 1 
O CAAAITAATATAT KKK YY 3 (¥ 
aca Ace RRA R KK RKKY RR ee cane 


{\ 
| | | ‘i | | ey — 
| l th(WLD) [+ F taisicHy th(WLD tdisiCH) 
| 
re le 


| : 
Roa tac) a _ j~—— tac) —o 












NOTE 7: A read. or a write cycle can be intermixed with read-modify-write cycles as long as the read and write timing specifications are not violated. 
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RAS-only refresh cycle timing 
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TThis timing is guaranteed but not tested. 
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AUGUST 1980 — REVISED NOVEMBER 1985 








16,384 X 4 Organization JD PACKAGE 
(TOP VIEW) 


Single 5-V Supply (+ 10% Tolerance) 





® Performance Ranges: G 
DQ1 
ACCESS ACCESS READ READ- pa2 
TIME TIME OR MODIFY- — 
ROW COLUMN WRITE WRITE _W 
ADDRESS ADDRESS CYCLE CYCLE RAS 
(MAX) {MAX) (MIN) (MIN) A6 
‘4416-12 120ns 70 ns 230 ns 320 ns A5 
'4416-15 150ns 80 ns 260 ns 330 ns AA 
"4416-20 200ns 120 ns 330 ns 440 ns 
Vop 
® Available Temperature Ranges with MIL- 
stale Class B High-Reliability FG PACKAGE 
rocessing 
(TOP VIEW) 
—S...—55°C to 100°C 
—E...-—40°C to 85°C 


—L... 0°C to 70°C 


Long Refresh Period . . . 4 ms 


Low Refresh Overhead Time . . . As Low 
As 1.7% of Total Refresh Period 


@ All Inputs, Outputs, Clocks Fully TTL 
Compatible 


® 3-State Unlatched Outputs 





® Early Write or G to Control Output Buffer 


Impedance 
PIN NOMENCLATURE 


Page-Mode Operation for Faster Access 


= Military Products 


A0-A7 Address Inputs 
@ Low Power Dissipation CAS Column-Address Strobe 
—Operation...200 mW (Typ) DQ1-DQ4 Data In/Data Out 
—Standby...17.5 mW (Typ) G Output Enable 
® New SMOS (Scaled-MOS) N-Channel has nowePeldraser sone 
Technology VDD pice ass 


Vss Ground 
Ww Write Enable 





description 


The SMJ4416 is a Military high-speed, 65,536-bit, dynamic, random-access memory, organized as 16,384 
words of 4 bits each. It employs state-of-the-art SMOS (scaled MOS) N-channel double-level polysilicon 
gate technology for very high performance combined with low cost and improved reliability. 


The SMJ4416 features RAS access times to 120 ns maximum. Power dissipation is 200 mW typical 
operating, 17.5 mW typical standby. 


New SMOS technology permits operation from a single 5-V supply, reducing system power supply and 
decoupling requirements, and easing board layout. Ipp peaks have been reduced to 60 mA typical, and 
a —1-V input voltage undershoot can be tolerated, minimizing system noise considerations. Input clamp 
diodes are used to ease system design. 





PRODUCTION DATA documents contain information : ‘ Copyright © 1985, Texas Instruments Incorporated 
current as of publication date. Products conform 4 
to specifications per the tarms of Texas Instruments 8-63: 


standard warranty. Production processing does not 
necessarily include testing of all parameters. INST RUM ENTS 
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Refresh period is extended to 4 milliseconds, and during this period each of the 256 rows must be strobed 


with RAS in order to retain data. CAS can remain high during the refresh sequence to conserve power. 


All inputs and outputs, including clocks, are compatible with Series 54/74 TTL. All address lines and data 
in are latched on chip to simplify system design. Data out is unlatched to allow greater system flexibility. 


The SMJ4416 is offered in 18-pin 300-mil ceramic side-braze dual-in-line and 18-pad ceramic chip-carrier 
packages. It is available in —55°C to 100°C, —40°C to 85°C, and O°C to 70°C temperature ranges. 
Dual-in-line packages are designed for insertion in mounting-hole rows on 7,62 mm (300-mil} centers. 


operation 


7 s}onpolg AseyyliA 


address (AO through A7) 


Fourteen address bits are required to decode 1 of 16,384 storage locations. Eight row-address bits are 
set up on pins AO through A7 and latched onto the chip by the row-address strobe (RAS). Then the six 
column-address bits are set up on pins A1 through A6 and latched onto the chip by the column-address 
strobe (CAS). All addresses must be stable on or before the falling edges of RAS and CAS. RAS is similar 


’ to a chip enable in that it activates the sense amplifiers as well as the row decoder. CAS is used as a 


chip select activating the column decoder and the input and output buffers. 
write enable (W) 


The read or write mode is selected through the write-enable (W) input. A logic high on the W input selects 
the read mode and a logic low selects the write mode. The write-enable terminal can be driven from standard 
TTL circuits without a pull-up resistor. The data input is disabled when the read mode is selected. When 
W goes low prior to CAS, data out will remain in the high-impedance state allowing a write cycle with 
G grounded. . 


data in (DQ1 through DQ4) 


Data is written during a write or read-modify-write cycle. Depending on the mode of operation, the falling 
edge of CAS or W strobes data into the on-chip data latches. These latches can be driven from standard 
TTL circuits without a pull-up resistor. In an early write cycle, Wis brought low prior to CAS and the data 
is strobed in by CAS with setup and hold times referenced to this signal. In a delayed-write or read-modify- 
write cycle, CAS will already be low, thus the data will be strobed in by W with setup and hold times 
referenced to this signal. In delayed or read-modify-write, G must be high to bring the output buffers 
to high impedance prior to impressing data on the 1/O lines. 


data out (DQ1 through DQ4) 


The three-state output buffer provides direct TTL compatibility (no pull-up resistor required) with a fan 
out of two Series 54/74 TTL loads. Data out is the same polarity as data in. The output is in the high- 
impedance (floating) state until CAS is brought low. In a read cycle the output goes active after the 
access time interval ta(c) that begins with the negative transition of CAS as long as ta(R) and ta(E) 
are satisfied. The output becomes valid after the access time has elapsed and remains valid while CAS 
and G are low. CAS or G going high returns it to a high-impedance state. In an early write cycle, 
the output is always in the high-impedance state: In a delayed-write or read-modify-write cycle, the output 
must be put in the high-impedance state prior to applying data to the DQ input. This is accomplished by 
bringing G high prior to applying data, thus satisfying tGHD.- 





output enable (G) 


The G controls the impedance of the output buffers. When G is high, the buffers will remain in the 
high-impedance state. Bringing G low during a normal cycle will activate the output buffers putting them 
in the low-impedance state. It is necessary for both RAS and CAS to be brought low for the output buffers 
to go into the low-impedance state. Once in the low- edpseaiee state, they will remain in the low-impedance 
state until G or CAS is brought high. 
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refresh 


A refresh operation must be performed at least every four milliseconds to retain data. Since the output 
buffer is in the high-impedance state unless CAS is applied, the RAS-only refresh sequence avoids any 
output during refresh. Strobing each of the 256 row addresses (AO through A7) with RAS causes all bits 
in each row to be refreshed. CAS can remain high (inactive) for this refresh sequence to conserve power. 


page mode 


Page-mode operation allows effectively faster memory access by keeping the same row address and strobing 
successive column addresses onto the chip. Thus, the time required to setup and strobe sequential row 
addresses for the same page is eliminated. To extend beyond the 64 column locations on a single RAM, 
the row address and RAS are applied to multiple 16K x 4 RAMs. CAS is then decoded to select the proper 
RAM. 


power up 


After power up, the power supply must remain at its steady-state value for 1 ms. In addition, the RAS 
input must remain high for 100 ps immediately prior to initialization. Initialization consists of performing 
eight RAS cycles before proper device operation is achieved. 


logic symbolt 





RAM 16K x 4 





20D6 
20D7/21D0 









20D12/21D5 


G23/{REFRESH ROW] 
24[PWR DWN] 
C21[(COL] 







a Military Products © 





TThis symbol is in accordance with ANSI/IEEE Std. 91-1984 and IEC Publication 617-12. 
Pin numbers shown are for the dual-in-line package. 
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functional block diagram 


AO 
Al 
A2 
A3 
A4 






TIMING & CONTROL 









{1/2} MEMORY ARRAY 









ROW 
DECODE 





ROW 
ADDRESS 
BUFFERS 
(8) 











DUMMY CELLS 




























AS 
AG 
A7 
ba 
Joperes 
BUFFERS 
(6) 
ROW 
DECODE (1/2) MEMORY ARRAY 
= 
= 
o® 
= 
< 
~ 
Le 
te) 
a. 
c 
a absolute maximum ratings over operating temperature range (unless otherwise noted) t 
Voltage on any pin except Vpp and data out (see Note 1) .................0008 ‘-1.5Vto 10 V 
8 Voltage on Vpp supply and data out with respect to VSS ......-. 2.2... eee ee ee -1Vto6BV 
Short circuit output Current .... 0... ee eee ete ee ee eee ee tes 50 mA 
Power dissipation... 0.0.0.0... 00. eee eee eee eens Stag 8s Wisi, be Gat ag Weatedliel aAb Soltero es 8 1W 
Minimum operating free-air temperature: S version. ... 2... 2... cee ee eee —55°C 
Ev VOTSION gucci e.cc) i Sees eh ores ators phen By See tes Modi Boden eee Sears —40°C 
Li VERSION: ie bce aia sila ele we Se ale a. Ya bs Ba eee, Ge Boe ee ».0°C 
Operating case temperature: S version ... 1... 2.0... cee ee eee eens 100°C 
E-Version: 3:2 pdx ikcb arse cased Salnee aie wie Gets Dis Beene 85°C 
L-VOrsiON: oes 2 ks eae ks Dees Se oe Ete thee Soha As eee, ae 70°C 
Storage temperature range ....... 2... eee eee ee ee ee ee eee eee -—65°C to 150°C 


T Stresses beyond those listed under ‘‘Absolute Maximum Ratings’’ may cause permanent damage to the device. This is a stress rating 
only and functional! operation of the device at these or any other conditions beyond those indicated in the ‘‘Recommended Operating 
Conditions’’ section of this specification is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect 
device reliability. 


NOTES: 1. All voltage values in this data sheet are with respect to Vgs. 
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recommended operating conditions 


ae ee a 


Vpp__ Supply voltage pass 55] 45 5 ss/ 45 6 ss] v_| 
Vgs___ Supply voltage ET a EE Se ee eee 
: Vv =45V/ 2.4 4 
ViH High-level input voltage 
D 


Vpp = 5.5 V|_ 2.4 


Vit Low-level input voltage 


TA Operating free-air temperature 


Tc Operating case temperature 





NOTE 2: The algebraic convention, where the more negative (less positive) limit is designated as minimum, is used in this data sheet 
for logic voltage levels only. 


electrical characteristics over full ranges of recommended operating conditions (unless otherwise noted) 


, SMJ4416-12 
PARAMETER TEST CONDITIONS UNIT 
MIN TYPt MAX 
I) =-15 mA, . 
Vv Input clamp voltage ‘ Vv 
is . : S see Figure 1 pata] 


Von __Highevel output voltage | tgy. = -2 mA 
VOL Low-level output voltage lol = 4.2 mA ha 





Vj = OV to 5.8 V, : 
Input current (leakage) Vpop = 5V, +10 pA 
All other pins = OV 
Vo = 0.4 V to 5.5 V, 
| t Average operating current Aes eiinite ie eualé 
= minimu 
DDI during read or write cycle - m 
+ Standby current After 1 memory cycle, 
Ipp2 : mA 
(see Note 3) RAS and CAS high 
tc 


= minimum cycle, 


Ipp3* Average tefresh current RAS cycling, 46 
‘ CAS high 





te(P) = minimum cycle, 
RAS low, 
CAS cycling 


t Average page-mode 


I 
DD4 current 





Tall typical values are at TC = 25°C and nominal supply voltages. 
tlpp1-!pp4 are measured with open outputs. 
NOTE 3: Vi_ = —0.6 V on all inputs. 
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electrical characteristics over full ranges of recommended operating conditions (unless otherwise noted) 


SMJ4416-15 SMJ4416-20 
UNIT 
PARAMETER TEST CONDITIONS MIN. TYpt MAX | MIN. TyPt MAX 
Vv Input cla oltage eae, 
clamp v 
P . 6 see Figure 1 


Von High-level output voltage lon = —2 ma Es fy ee Ee 
Vor Low-level output voltage lo = 4.2 ma Pt | | 
Vpp = SV, 


+10 +10 
All other pins = 0 V 
Vo = 0.4 Vto 5.5 V, 
t Output current (leakage) ne = BV, ae high +10 +10 | 


Average operating current 
lpp % dita a At te = minimum cycle 4 48 
E during read or write cycle : : 
D 














< 


< 








< 










V) = OV to 6.8 V, 






{| Input current (leakage) 








oO KA 
Standby current After 1 memory cycle, 

Ip ot mA 
(see Note 3) RAS and CAS high 

te = minimum cycle, 
Ipp3* Average refresh current HAS ind ui uh 25 40 21 34 
Average page-mode to(p) = minimum cycle, 
| t 21 34 mA 
RAS low, CAS cycling 


TAll typical values are at Tc = 25°C and nominal supply voltages. 
tIpp1-lpp4 are measured with open outputs. 
NOTE 3: Vi_ = ~—0.6 V on all inputs. 


capacitance over recommended supply voltage range and recommended temperature range, 
f = 1 MHzt 


PARAMETER 


Cita) Input capacitance, address inputs 
Circ Input capacitance, strobe inputs | 8 10] 
Ciw Input capacitance, write enable input | 810. 






Ci/o Input/output capacitance, data ports 





tThese parameters are guaranteed but not tested. 
+All typical values are at Tc = 25°C and nominal supply voltages. 
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switching characteristics over recommended supply voltage range and recommended operating temperature 


range 


ALT. SMJ4416-12 
PARAMETER TEST CONDITIONS symao._ | MIN MAX | UNIT 
= 100 pF, 
time from CAS 7 
ba tila abril Load = 2 Series 54 TTL gates Btls | ef 


; trict = MAX, 
ta(R) Access time from RAS C_ = 100 pF tRAC 
Load = 2 Series, 54 TTL gates 
: CL = 100 pF, 
t A t fter G | 30 
Load = 2 Series 54 TTL gates | fmf 













= 100 pF, 
# ae 2 Series 54 TTL gates 






tdis(CH) | Output disable time after CAS high 





+ 
oO 
Tl 
nn 

°o 

WwW 

oO 












? Output disable time = 100 pF, 
dis(G) after G high cs = 2 Series 54 TTL gates 


cms 15 ca 20 
PARAMETER TEST CONDITIONS Braue UNIT 
= 100 pF, 
t Access time from CAS 120 
a(C) Cobss Hime: TOM ae 2 Series 54 TTL gates fe a aes 
























tRicL = MAX, 
ta(R) Access time from RAS CL = 100 pF tRAC 
Load = 2 Series 54 TTL gates 





es F, 
Cy = 100 F, 
’ Output disable time Cy_ = 100 pF, 
tdis(G) after G high Load = 2 Series 54 TTL gates 
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timing requirements over recommended supply voltage range and recommended operating temperature 
range 





ALT. 

SYMBOL 
tc(P Page-mode cycle time tpc 
te(rd) Read cycle time 
te(w) Write cycle time 
tc(rdW) _ Read-write/read-modify-write cycle time 
twiCH Pulse duration, CAS high (precharge time) 
twiCL Pulse duration, CAS low? : tCAS 70 5000 
twiRH Pulse duration, RAS high (precharge time) 
twiRL Pulse duration, RAS low 
tw(w Write pulse duration 
Transition times (rise and fall) for RAS and CAS 
tsu(CA Column-address setup time 
tsu(RA) | Row-address setup time 
tsu(D Data setup time 
tsu(rd Read-command setup time trcs 
tsu(WCH) Write-command setup time before CAS high tCWL 
tsu(WRH) Write-command setup time before RAS high tRWL 
thiCLCA) Column-address hold time after CAS low tCAH 
thiRA Row-address hold time __ . tRAH 
th(RLCA) Column-address hold time after RAS low 
thiCLD) _ Data hold time after CAS low 
thiRLD) Data hold time after RAS low 
th(WLD) Data hold time after W low 


UNIT 


= 
re) 


tRWC 


- 
Po] 
Q 


. oF low 
- 
4 


o 
QO 
uv 


120 500 
W 


7 
v 


tasc 
tasR 





+ 
> 
pe) 


~ 
o 


| tH 
| tHR 
[tH 
th(RHrd) _Read-command hold time after RAS high! 
thi(CHrd) _Read-command hold time after CAS high! 
thicLw) _Write-command hold time after CAS low . 
thiRLWw) | Write-command hold time after RAS low 
tRLCH Delay time, RAS low to CAS high 
tCHRL Delay time, CAS high to RAS low 
tCLRH Delay time, CAS low to RAS high | etrsH 70 
iwi Delay time, CAS low to W low tein 
(read-modify-write-cycle only) # 
aan Delay time, RAS low to CAS low en 
. (maximum value specified only to guarantee access time) 
Delay time, RAS low to W low 
tRLWL tRWD 170 


(read-modify-write-cycle only)# 

twLcL _Delay time, W low to CAS low (early write cycle) 
tGHD Delay time, G high before data applied at DO 

trf Refresh time interval 


twcs 


T All cycle times assume tr=5 ns. 

+ Page mode only. 

Sina read-modify-write cycle, tcLw_ and tsy(WCH) must be observed. Depending on the user’s transition times, this may require additional 
CAS low time twicL)- 

Tina read-modify-write cycle, taLw_L 2nd tsy(WRH) Must be observed. Depending on the user's transition times, this may require additional 
RAS low time tw(RL)- 

i These parameters are guaranteed but not tested. 


# Necessary to insure G has disabled the output buffers prior to applying data to the device. — 
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timing requirements over recommended supply voltage range and operating case temperature range 


ALT. | SMJ4416-15 | SMJ4416-20 Git 
SYMBOL | MIN MAX | MIN MAX | 


[Trey Pasemodecycleime———SOSCSC=—“—~—S—“‘—*S*~‘~‘“<~S*~dSCSt=SC*dCCSdT TOC 









tRWC 


80 5000 | 120 5000 


twiRH Pulse duration, RAS high (precharge time) 
twiRL Pulse duration, RAS low 


tRAS 150 5000 | 200 5000 


t 
tCAS 
tw(w Write pulse duration t 
ty Transition times (rise and fall) for RAS and CAS 


tsu(CA Column-address setup time tasc 


ew 
TRWL 
40 
2 


R 
KE hi 
th(CLCA) Column-address hold time after CAS low tCAH 
th(RA Row-address hold time tRAH 
th(RLCA) Column-address hold time after RAS low 






tsu(RA Row-address setup time tASR 
tsu(rd Read-command setup time tRCs 


tRC 
wc 
tcp 
WP 
tT 
TAR 
tDH 


nN 
o 


th(RLD) Data hold time after RAS low 
eed 
wel 
wen} 130 
cai 
iene 


tcLRH _ Delay time, CAS low to RAS high tRSH 
Delay time, CAS low to W low 


tpHR 130 


to 
So 






° Military Products 


*CLWL (read-modify-write-cycle only)# *cwD 

Ge Delay time, RAS low to CAS low ee 6 
(maximum value specified only to guarantee access time) ; 
Delay time, RAS low to W low 

tRLWL tRWD 


(read-modify-write-cycle only)# 


twLCL _ Delay time, W low to CAS low (early write cycle) tWwcs 
tGHD Delay time, G high before data applied at DO 


nN 
o 





trf Refresh time interval tREF 


T All cycle times assume t,=5 ns. 

+ Page mode only. , 

5 In a read-modify-write cycle, tCLWL 2Nd tgy(WCH) Must be observed. Depending on the user's transition times, this may require additional 
TAS low time tw(CL)- ; 

1ina read-modify-write cycle, tRLWL 2nd tsu(WRH) must be observed. Depending on the user’s transition times, this may require additional 
RAS low time tw(RL)- 

I This parameter is guaranteed but not tested. 





, 
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pa 


PARAMETER MEASUREMENT INFORMATION 


Vec 









‘@ 


|_~—.S 


REMAINING 
INPUTS 
OPEN 


OUTPUT(S) 
OPEN 





NOTE 4: Each input is tested separately. 
FIGURE 1. INPUT CLAMP VOLTAGE TEST CIRCUIT 
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early write cycle timing 
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write cycle timing 
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read-write/read-modify-write cycle timing 
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NOTE 4: A write cycle or read-modify-write cycle can be intermixed with read cycles as long as the write and read-modify-write timing specifications are not violated. 
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TMS4164A and TMS4416 Input Diode Protection 


The 64K DRAM family from Texas Instruments has departed 
from conventional input schemes for DRAMs to provide the 
user with improved ESD protection and input clamping 
diodes for negative undershoot. Both enhancements of device 
capability are possible due to the use by TI of a grounded 
epitaxial substrate in the manufacture of its 64K DRAMs. 
While the input circuit technique has provided the user with 
additional protection and ease of use, it may cause anomalous 
testing results for the unwary test engineer who tries to drive 
the inputs to large negative voltages. 

Figure 1 shows an equivalent circuit for the input 
circuitry of the TMS4164A and the TMS4416. 

The diode and transistor clamping circuit is the 
essential element in protecting the device from electrostatic 
discharge (ESD) damage. Figure 2 shows the physical layout 
of this circuit. 

The essential element of the circuit is the input diode 
(A), which is surrounded by a diffused guard ring (B) 
connected to Vsg. This circuit can be viewed as a 
combination of a lateral NPN transistor, a bipolar diode, and 
a thick field transistor — all occupying the same area and 
connected to the input pad. The P—/P+ substrate is both 


the base of the transistor and the anode of the diode. Both 
are connected to Vgs through the resistance of the substrate 
from the surface of the chip to the backside. During an ESD 
with positive voltage, the input diffused area goes into 
reverse-bias breakdown, which turns on the bipolar 
transistor, thus clamping the input voltage. The action of the 
transistor is identical to second breakdown observed in 
conventional bipolar transistors. Once the transistor turns on, 
it can sink a large amount of transient current which is evenly 
distributed over the area of the input diffusion (collector of 
the lateral transistor). This avoids localized heating from the 
energy in the ESD. Localized heating could destroy the 
integrity of the input diode. For ESD with negative voltage, 
the diode and the transistor act to clamp the input voltage. 
When the input voltage drops below —0.7 V, the input 
diffusion appears as a cathode for a diode tied through the 
substrate resistance to ground. It also acts as an emitter for 
the lateral NPN transistor. Both elements turn on and tend 
to uniformly source the current in the input diffusion. 
The polysilicon resistor included in the input circuit 
serves to limit the amount of voltage that reaches the thin 
oxide associated with the address buffers and clock inputs. 


EQUIVALENT CIRCUIT 









PAD OPENING 
iN OVERCOAT 


METAL 









Grand 
METAL-TO-DIFFUSION Where ny) a v7 
CONTACT OPENINGS igi Sy Zu 

GG! Ah _| 


ZLLL LL LAL LL) 
VAY DAY OYA 


Vss-METAL 





(A) DIODE AND TRANSISTOR CLAMPING CIRCUIT 


Figure 2. 


ADDRESS ’ 
BUFFER J 
oa ae am on 





(B) CROSS SECTION OF CLAMPING CIRCUIT 


i Applications Information 


; 7 uOHeUNOsU] SUOHeoddy 


The dynamic impedance of the input clamping circuit is 
considerably lower than the resistance of the polysilicon 
resistor. 

The input circuit also offers the advantage of clamping 
negative undershoots on the inputs during normal operation. 
While this provides advantage to the board and system 
designer, it can cause confusion for the test engineer unless 
he fully understands the limits of his tester. DRAMs have 
historically been specified with negative dc input voltages 
of —1 V. In addition, they are often tested/characterized to 
—3V. This testing has been done to ensure that the devices 
will operate correctly with a negative input undershoot, which 
is transient. Such testing was required due to the inability 
of a MOSFET of reasonable size on the chip to clamp the 
negative-going input and due to the susceptibility of address 
input buffers on some MOS RAMs to negative input 
undershoots. The input clamping mechanism, provided on 
the TMS4164A and the TMS4416, can supply sufficient 
current to clamp the input transient. 

Difficulty in testing the device with negative dc input 
voltages can occur due to the tester’s output driver devices 
going into saturation when forward biasing the input diode. 
Also, most testers are unable to supply the large transient 
current requirement during reversal of bias on the input diode 
and transistor. Both effects will result in distortion of the 
tester’s waveforms. What may appear to be poor setup and 
hold time margins of the device may actually be a tester’s 
inability to supply the correct waveforms to the device at 
the proper time. 

The improvement in both ESD protection and signal 
undershoot on system boards offered by the input circuit may 
be overlooked if erroneous conclusions are drawn from 
incoming testing with negative dc input voltages below 

—0.7 V. 


a 


R: Driver impedance 


TESTER LIMITATIONS WITH PROGRAMMED 
INPUT LOW LEVELS OF LESS THAN -—0.7 V 


Driver distortion occurs when input low levels are 
programmed for values below -0.7 V. The input 
diode/lateral NPN transistor shares a common PN junction - 
which becomes forward biased at ~0.7 V and below. The 
transistor collector, which is tied to Vsg, carries most of 
the forward-bias current (see Figure 3). 


y VSS 


IR>>IF 





Figure 3. Forward- to Reverse-Bias Current 


The diode exhibits a classical forward- to reverse-bias 
recovery delay due to a momentarily large reverse current 
of amplitude limited only by the programmed reverse voltage 
VIH and driver output impedance R, i.e., the input 
approximates a momentary short circuit. An initially large 

short-circuit current plateau (IR = VyH/R) subsequently 
relaxes to-the normal dc reverse-bias current Is (see Figure 
4). The time from the positive transition edge, corresponding 
tot = 0 in Figure 4, to the point where the reverse current 
surge relaxes to 10% of the plateau value is the diode 
recovery time (toff). 

Figure 5 shows how the driver output waveform is 
altered. During forward bias, the transistor clips the negative 
level at VFB (in the range — 0.7 V to — 1.4 V) with the VIL 





1 
10% tr Is 


Vin: Address input high-level (reverse-bias) 


Figure 4. Forward- to Reverse-Bias Recovery Current 
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ViL 


Vo = VIL(IH) — iR 


VeB: Forward-bias diode drop 
Vit: Address input low-level (forward-bias) 


Figure 5. Address Driver Output Voltage 


level programmed over the range of —0.7 V to -6 V. 
During the initial reverse bias, the driver output voltage vo 


_ is given by the programmed Vyy level minus the iR drop | 


across the driver output impedance, i.e., 
Vo = VIH — iR 


During the current plateau, the vo value is essentially 


' QV. The driver output voltage then recovers to the 


programmed value as the diode reverse current relaxes to 
the.de reverse-bias level Ig. In effect, the tof value is a 
measure of the time that the output waveform is distorted 
if the unwary.engineer programs Vj, values significantly 
below —0.7 V.- 

The following equation derived from diode switching 
theory serves to estimate the magnitude of the toff values 
for input levels below —1 V. 


toff = 40 [r — [r/(r + 1)]2} ns 
where r = —(VIL +1)/Vin 
and VjL< -—1V 


The coefficient 40 ns is a characteristic of the diode 
structure and physical parameters of the material. For 
example, VIL = —3 Vand ViIH = +3 V give toff = 20 


ns. This estimate is not accurate at very small forward-bias — 


values, because it ignores the rise time of the driver’s positive 


transition edge. As long as the predicted value is greater than 


or equal to the edge transition time, the estimate is good. 
It is assumed that driver output impedance has the same value 
R at both upper and lower levels, Vj and VIL. 

The distortion in driver waveform, shown in Figure 
5, increases as the driver input low level is progressively 
driven more negative. Depending on driver output 
impedance, only slight distortion is observed in the positive 
transition for input levels near —0.7 V to —1 V. This 


irregularity corresponds to the onset of the recovery 


phenomenon short-circuiting the output of the driver. 
Significant distortion occurs at large negative values of VIL, 


. and the test engineer must be aware of this phenomenon to 


prevent erroneous conclusions as to the performance of the 
device. 

The input transistor provides great advantage to device 
use in a system environment. In a system, the negative 
undershoot of an address line is caused by transient 
transmission-line reflections (undershoot of negative-edge 
transitions). Here the input transistor clips much of the swing 
below —0.7 V on the address line. Positive-edge transition 
from a settled negative address low level, which gives rise 
to the forward-to reverse-bias recovery delay, does not occur 
in the typical system environment. 
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TMS4164 and TMS4416 Interlock Clock 


The TMS4164 (64K x 1) and TMS4416 (16K x 4) dynamic 
RAMs use a novel interlocked clock to yield enhanced 
immunity to process variations, temperature, and voltage 
induced parametric changes. The basic concept of an 
interlock clock structure is to provide a synchronous timing 
operation that eliminates race conditions. As an aid to 
understanding the interlock clock, an overview of the 
memory control structure and its functions will be presented 
first. 

The TMS4164 (Figure 1) and TMS4416 (Figure 2) 
need a minimum of 16 address bits to address all of their 
64K memory locations (216 = 65,536). Instead of physically 
using 16 address pins, the DRAMs only use 8 address pins 
and receive the addresses in two parts of 8 bits each (8 (row) 
and 6 (column) in the case of the TMS4416). The first 8 


addresses are called the row addresses; once stable on the . 


address pins, they are latched by the low going edge of the 
row address strobe (RAS) input. The 8 column address bits 
are then set up on the 8 address pins and latched by the low 
going edge of the column address strobe (CAS) input. The 
TMS4416 only uses 6 of the column address lines, 
disregarding AO and A7 (These will be utilized in next 
generation parts providing an address for 64K x 4 memories). 
This sharing of address lines is known as multiplexing which 
keeps the number of pins on a package to a minimum. 
The TMS4164 and TMS4416 use a square array of 
memory cells consisting of 256 rows and 256 columns which 
is divided into an upper and lower half. A word line (which 
corresponds to a row) is connected to the transfer gates of 
256 cells that comprise a row of memory. The transfer gates 
control access to the data stored on the memory cell capacitor. 
The bit line (which corresponds to a half of a column) has 
for each half of the array 128 memory cells and 1 dummy 
cell connected to it via the transfer gates. Located physically 
between the two halves of the memory array are 256 sense 
amps whose inputs connect to the bit lines from each half 
of the array. The dummy cell provides the reference (VREF) 
to a sense amp to determine the state of the memory cell. 
On an access cycle, the row decoders drive the selected 
word line high turning on all 256 transfer gates in the selected 
row and connect 1 memory cell to each bit line. 
Concurrently, dummy enable (DE) decodes and drives the 


transfer gates of one of the rows of dummy cells, and 
connects 1 dummy cell to each bit line on the opposite side 
of the sense amps. The dummy selection uses RA7 so that 
the row of dummy cells selected is on the opposite side of 
the sense amp from the selected row of memory cells. 
Connecting the memory and dummy cells to their respective 
bit lines causes a differential voltage to be established at the 
inputs of the sense amps. This differential voltage is then 
detected by the sense amps whose outputs will change to 
reflect the detected state of the memory cells. After sensing 
is completed, the output of the sense amp is driven back onto 


. the bit lines to refresh the memory cells. Signal restoration 


is necessary because an access results in a destructive read 
(the memory cells no longer contain valid data after the 
access). This is due to the large bit line capacitance (~ 600 
fF) and the relatively small capacitance of the cell (50 fF). 
Connecting the cell to the bit line depletes the cell charge, 
and makes refresh necessary to ensure valid data retention. 
This restoration is transparent to the user but should not be 
confused with providing external refresh. After sensing is 
completed, the data on the bit lines can now be selected by 
the column decoders. The column decoders select 4 of the 
256 sense amps using AO-AS (TMS4164) and A1-A6 
(TMS4416) for the selection. On the TMS4164, these 4 bits 
are further decoded by a 1 of 4 decoder using A6 and A7 
(the 4 bit output of the TMS44 16 eliminates the need for the 
1 of 4 decoder). This 1 of 4 selector acts as a bidirectional 
switch for data transfer to or from the sense amps. Now tha 
the basic blocks and functions of a DRAM have been 
described, a detailed look at the interlock scheme will be 
presented. 

A simplified logic representation of the clock structure 
is shown in Figures 1 and 2. The clock interlock points are 
shown as inverting input NAND gates. The inputs represent 
timing events that must be complete before the output of the 


inverting input NAND gate can trigger a third event; this © 


system provides interlocking. Approximately 60-100 clock 
Signals are generated in a DRAM to control the various 
functions (address latching, decode timing, sensing, data 
transfers within the device, etc.); approximately 15 of these 
have been represented. The following discussion briefly 
shows the operation of the TMS4164 and TMS4416 DRAMs. 
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Figure 1. TMS4164 Block Diagram 
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Figure 2. TMS4416 Block Diagram 
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The falling edge of RAS causes R1 to latch the row 
addresses into the row address buffers and enables interlock 
point R2. The row addresses are then amplified and drive 
the row decoders for row selection. When RAO-RA7 are 
valid, the row address buffers output a signal to interlock 
point R2. A delay stage within R2 allows the row decoders 
time to complete their decoding before the output of R2 goes 
low. R2 going low enables the row decoders to drive the 
selected word line high. Interlock R2 ensures two things: 
the row addresses are valid, and decoding is complete before 
the selected word line is activated. Address RA7 causes 
dummy enable (DE) to select the row of dummy cells on 
the opposite side of the array from the selected row of 
memory cells. After row and dummy selection is completed, 
the decoders then drive the appropriate word lines high, 
connecting the memory and dummy cells to their 
corresponding bit lines. The differential voltage at the inputs 
of the sense amp is sensed, amplified, and driven back onto 
the bit lines; this refreshes the memory cells in the selected 
row. The sense amp control then outputs a signal to interlock 


‘RCI that indicates sensing is complete. 


A high logic level on CAS. holds the reset on Q1 active 
and forces the Q output of the data out buffer into a high- 
impedance state. A logic low level on CAS removes the reset 
to allow clocking. 

The falling edge of CAS causes interlock C1 to go low 
(assuming RAS low) driving C2 low to latch the column 
addresses into the column address buffers. Interlock Cl 
ensures that the CAS cycle is inactive until RAS is low. The 
column addresses are then amplified and drive the column 
decoders for column selection. With CAO-CA7 valid, the 
column address buffers output a signal to interlock point C3. 
A delay stage within C3 allows the column decoders time 
to complete their decoding before the output of C3 goes low. 
C3 going low enables the column decoders to access the 
selected columns (4). Interlock C3 ensures two things: the 
column addresses are valid, and decoding is complete before 
the selected columns are accessed. After selection is 
completed, data can now either be input or output depending 
on the W signal timing. Interlocks RC1 and RC2 ensure that 


' ‘the sense amps are active and the proper column is selected 


before a read or write can take place. 
In the case of a read or read-modify-write cycle, the 


high logic level on the write line (W) prevents any transfer 


into the data in register by keeping the output of W1 high. 
The presence of CAS low and the output of RC1 low allows 
RC2’s output to go low; this clocks the level_of W into 
register QI. Only in the case of an early write (W low prior 
to CAS low), when the output of Q] is not clocked to a logic 
one, will the data out register be maintained in the high- 


_ impedance state. In any read cycle, the output of QI is a 


logic one and the data out register is enabled although data 
will not be valid until RAS and CAS access times are both 


_ Satisfied. 


In a write cycle, the low logic level on W allows the 


output of W1 to go low which latches the data present at D 


(thus the latter of either CAS or W going low latches the 
data). The logic level at the output of the data out register 
will remain until CAS returns to a high level. (When CAS 
is high, the output will go to a high-impedance state.) Data 
out reflects the data read from the cell rather than the new 
data that is written for read-modify-write cycles. 

The RAS low time following sensing complete, is used 
to restore data to the memory cells currently selected by the 
word line (restoration after the destructive read). Any data 
that is changed by a write cycle causes alterations of the sense 
amplifier which then stores the new data in the memory cells. 
When RAS goes high, the word line is turned off and the 
cells now hold the data restored from the sense amps. RAS 
going high initializes a precharge state used to equalize the 
bit lines by charging them to full Vpp potential. Precharge 
is necessary to ensure the charge on the bit lines is equal 
on both sides of the sense amp. Another access cycle may 
begin once the precharge time has been met. 

The representation used in Figures 1 and 2 is a 
simplified logic diagram which does not depict all points of 
signal interlocking. It does however demonstrate the principle 
of an interlocked clock scheme. The signal generation and 
timing becomes very critical as device delays decrease. In 
many dynamic RAMs there are over 100 timing signals used 
to control internal operations, and these timing signals are 
generated using delay chains without interlocking. The signal 
skew resulting from non-interlocked timing increases device 
sensitivity to operating conditions and process variations. 
Although the interlock clock is transparent to the user, its 
incorporation on the TMS4164 and TMS4416 offers greater 
component reliability and avoids timing race conditions 
inherent in previous generation DRAMs. 


Introduction to Surface Mounting 


ABSTRACT 


The demand for high-density, cost-effective printed circuit 
boards has prompted the electronics industry to seek alter- 
native methods to traditional plated-through-hole technology. 
One such alternative is surface mounting, a technology tradi- 
tionally used in hybrid fabrication. The advantages of sur- 
face mounting are numerous but the bottom line is that it 
is cost effective and will begin to displace plated-through- 
hole technology as the availability of surface-mount com- 
ponents increases. 


Texas Instruments is fully supporting the growth of the 
surface-mount industry with its line of plastic leaded chip 
carriers. An introduction to the surface-mount technology 
will be given in this application report. 


INTRODUCTION 


The post molded leaded chip carrier (PLCC) was 
' developed by Texas Instruments in 1980 to improve the pack- 
ing density of ICs on printed circuit (PC) boards and over- 
come some of the size constraints normally caused by dual- 
in-line (DIP) packages. The PLCC was also designed to be 
used under the same environmental conditions as the DIP 
without any reliability degradation. The PLCC occupies ap- 
proximately 40% to 60% of the PC board area of an 
equivalent DIP, and requires no through holes (surface 
mount), therefore, it lowers the cost on PC boards. Unlike 
some surface-mounted packages, TI’s PLCC requires no 
special PC board material considerations. The design of the 


lead provides compliance allowing the use of any commer- 
cial substrate. Digital, Linear, Gate Array, and MOS devices 
will be offered in 18-, 20-, 28-, 44-, 52-, 68-, and 84-pin 
packages through TI. 


Package Outline 


The mechanical data for the PLCCs is given in Figures 
1 and 2; their thermal properties are listed in Table I. The 
following general statements apply to the packages: 


1. Each of the chip carrier packages consists of a circuit 
mounted on a lead frame and encapsulated within an 
electrically nonconductive plastic compound. The com- 
pound withstands soldering temperatures with no defor- 
mation, and circuit performance characteristics remain 
stable when the devices are operated in high humidity 
conditions. 

2. These packages are intended for surface mounting on 
solder pads with 1,27-mm (0.050-inch) centers. The 
leads require no additional cleaning or processing when 
used in soldered assembly. 

3. All dimensions shown are metric units (millimeters), 
with English units (inches) shown parenthetically. Inch 
dimensions govern. 

4. Lead spacing shall be measured within the zones 

specified. 

Tolerances are noncumulative. 

Lead material CD-155. T60 (Copper Alloy). 

Dimple in top of package denotes pin 1. 
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Figure 1. Plastic Chip Carrier Package (FP Suffix) 


NO. OF A : 
TERMINALS MIN MAX 
9,70 10,03 8,89 9,04 7 8, 
(0.382) (0.395) | (0.350) (0.356) | (0.318) (0.330) 


12,24 12,57 11,43 11,58 10,62 10,92 
(0.482) (0.495) | (0.450) (0.456) | (0.418) (0.430) 


17,32 17,65 16,51 16,66 15,70 16,00 
(0.682) (0.695) | (0.650) _ (0.656) | (0.618) (0.630) 


18 


8,08 38 






























19,86 20.19 19,05 19,20 18,24 18,54 
(0.782) _ (0.795) | (0.750) (0.756) | (0.718) — (0.730) 
24,94 25,27 24.13 24,28 23,32 23,62 
(0.995) (0.918) 





| (0.982) (0.956) (0.930) 


, 4,78 (0.188) : 
4,06 (0.160) 
1,14 (0.045) 
0,63 (0,025) 
2,41 (0.095) MIN 
0,25 (0.010) R 
MAX 





(0.950) 












1,27 (0.050) Xx 45° 


NOM 
0,81 (0.032) ___ 0.46 (0,018) 
0,66 (0.026) 0,36 (0.014) . 


3° NOM 


\3° wom fe 1.52 (0.060) MIN 


ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES. 


Figure 2. FN Plastic Chip Carrier Package 


Table I. Thermal Properties, of Plastic Chip Carriers 


NO. OF PACKAGE : 
LEADS DESIGNATION ; 


, 18 FP 
20 FN. 
28 FN 
44 FN 
68 FN 
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1,19 (0.047) 
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J-Lead Advantage 


Texas Instruments PLCC packages are constructed with 
the J-lead structure due to its superior performance when 
mounted on a wide spectrum of substrates ranging from 
ceramic to epoxy-glass. This is possible due to the complian- 
cy of the J-lead which compensates for the possible thermal 
mismatch between plastic packages and mounting substrates. 


More care must be taken when using ceramic leadless chip 
carriers mounted on nonceramic substrates in order to pre- 
vent solder joint fracturing under thermal cycling. The J-lead 
also offers advantages over plastic surface-mount packages 
using different lead structures. Figure 3 gives a comparison 
of the J-lead used on the PLCC to the ‘‘gull wing’’ com- 
monly used on small-outline integrated circuits (SOICs) 
and ‘‘quad packs.’’ 


GULL WING 


DEVICE AREA (16 L-PIN SOIC) = 111,6 mm2 


ADVANTAGES 
— PROVEN PROCESS 
— POSITIVE SOLDER ‘‘WITNESS”’ 
— EASY AUTO-POSITIONING 
~ NESTED STACKING (PERIPHERAL) 


(0.173 In2) 


DISADVANTAGES 
— EXTENDS X-Y SIZE 
— LEADS SUBJECT TO DAMAGE 
— HIGH PIN COUNT PACKAGES IMPRACTICAL 


J-LEAD 





DEVICE AREA (18-PIN PLCC) = 98,6 mm? 


ADVANTAGES 
— PROVEN PROCESS 
- LEADS ARE COMPLIANT, USEABLE WITH 
_ PC BOARD AND CERAMIC SUBSTRATES 
— MINIMUM X-Y SIZE, MAXIMUM BOARD DENSITY 
— EASY AUTO POSITIONING 
— LEADS WELL PROTECTED 
— EASY REPLACEMENT 
— SOCKETING EASY 
— JEDEC STANDARDS EXIST 


(0.1653 in2) 


DISADVANTAGES 
— TOTAL PACKAGE-HEIGHT THICKER THAN SOIC 
— INFRARED (IR) REFLOW DIFFICULT 


—- STAND-OFF FROM THE BOARD ALLOWS EASY CLEANING | 


- LARGEST LINE OF AVAILABLE PACKAGES: 


FROM 18 TO 68 LEADS. HIGHER PIN COUNTS UNDER 


DEVELOPMENT 


Figure 3. Gull Wing Vs. J-Lead 
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Area Savings with PLCC 


The PC board area savings that can be realized with the 
PLCC is best demonstrated by a comparison of two Texas 
Instruments one megabyte memory boards (see Figure 4). 
The DIP board is eight layers, measuring 279,4 mm 
(11 inches) by 355,6 mm (14 inches) with 226 ICs. The 





PLCC board is four layers, measuring 165,1 mm (6.5 inches) 
by 243,84 mm (9.6 inches) also with 226 ICs. The savings 
that can be realized with the PLCC board amounts to. 60% 
less board area at an overall cost savings of approximately 
55%. This illustrates the viability of surface mount as a low 
cost means of improving circuit board density while reduc- 
ing PC layout complexity. 


Figure 4. PLCC and DIP One Megabyte Memory Expansion Boards 
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Surface Mount Component Availability 


Most IC manufacturers are presently producing surface- 
mount components for a large part of their product line. The 
devices available range from the sophisticated VLSI to the 
discrete transistor. Non-integrated circuit components rang- 
ing from chip resistors and capacitors to surface-mount con- 
nectors are also being produced in volume by major manufac- 
turers. As the demand for surface-mount components in- 
creases, most products now produced for standard through- 
hole technology will also be available in surface mount. As 
of the printing of this application report TI produces over 
700 ICs in surface mount packages. 


Surface mounting consists of five basic steps: 


PC board design 
Solder paste application 
Component mounting 
Oven drying (optional) 
Solder reflow 


WAYNE. 





0,762 (0.030) — 
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sal Ge 
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2,03 (0.080) 
1,78 (0.070) 






A brief description of each step will be given; detailed 
descriptions of the various steps can be obtained by compo- 
nent and equipment suppliers and from numerous technical 
articles on surface mounting. 


PC Board Design 


To produce reliable surface-mount PC boards the designer 


has to pay particular attention to IC solder pad (also termed © 


footprint) layout. Not bit adder” urs pecan heron 
proper orientation will generally yield poor solder joints and ~ 
lack of self-centering during reflow. Figure 5 shows the _ 
recommended footprints for the 18-pin PLCC. When lay- 
ing out the IC footprints, as a general rule the footprint should 
extend approximately 10-15 mils past the outer edge of the 
PLCC lead. This provides a good solder fillet that will ex- 
tend up the outer edge of the PLCC lead to yield a reliable 
solder joint that is easily inspected. The 70-80 mil length 
of the footprint should be a minimum, however a longer foot- 
print can be used. It is recommended that the dimensions 
A and B never be less than the minimum width or length 
of the IC. 
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Figure 5. 18-Pin PLCC Footprint 


Solder Paste Application — 


Solder paste can be applied using several methods: screen- 
ing through a stencil or stainless steel mesh, pneumatic 
dispensing or by hand application with a syringe. Texas 
Instruments recommends screening through a stainless steel 
screen. The screen mesh must be chosen in accordance with 
the mesh of the solder paste to provide an adequate emul- 
sion of the solder paste and to prevent screen clogging. In 
general an 80-100 mesh screen should be used with 200 mesh 
or finer solder paste particle. There are a number of factors 
that need to be considered when selecting a a solder paste, a 
few key factors are as follows: 


Particle size 

Particle shape 

Percentage of metal content 
Temperature range 


. 


ees 


Component Placement 


The components can be placed via several different modes 
into the still moist solder paste. In a production environment, 
the components are most efficiently placed with an automatic 
pick-and-place machine to achieve both speed and accuracy. 
Presently, pick-and-place machines can place between 600 
and 600,000 components per hour and are priced according- 
ly. In a research and development environment, hand place- 
ment can be adequate due to the forgiving nature of surface 
mounting. When a component is placed off center it will tend 
to self-align during reflow due to the surface tension of the 
molten solder. Naturally there are limits to the amount of 
misalignment that can be corrected. Two important aspects 
of self-alignment are provision of adequate solder pad area, 
and proper placement of the solder oa with respect to the 
component. 


Oven Drying 


As solder pastes have evolved over the past several years, 
the drying process following component placement is not 
always necessary. In the past, drying was necessary to drive 
out the solvents in the solder paste. If the solvents were not 
driven out, the formation of solder balls was frequent due 
to the out gassing of the solvents prior to reflow. Today 
manufacturers of solder pastes report that drying is no longer 
necessary when using many of the new solder Paste formula- 
tions. As a wide variety of solder pastes exists, it is necessary 
to consult the manufacturer before determining if drying i is 
necessary in your process. 


Solder Reflow 
While several methods of solder reflow are available, 


vapor phase soldering has been the most successful and is 
becoming the industry standard. 


Two types of vapor phase systems are the batch and the 
in-line. The batch system is a two-vapor system that uses a 
fluoroinert liquid such as FC-70 for the primary vapor and 
a clorofluorocarbon such as trichlorotrifluoroethane (R113) 
as the secondary liquid (see Figure 6). The secondary liquid 
has a lower boiling point (47.6°C) than the primary liquid 
(215°C) thus acting as a blanket to prevent loss of the ex- 
pensive primary liquid. The in-line system (see Figure 7) 
is a single-vapor system using only a primary vapor (such 
as FC-70). The batch system is the forerunner of the in-line 
and is more suited to development and small production 
where the in-line is tailored to a mass production atmosphere 
requiring good throughput and minimal operating expense. 
Although the two systems are targeted to different markets 
their basic operation is the same. Both are capable of single 
and double sided surface mount. 


Batch System Operation 


The PC board complete with components is placed on an 
elevator and lowered into the secondary vapor. The elevator 
ascent-descent rate and dwell in the two vapor zones can be 
preset via the vapor phase machine front panel. The descent 
rate and hold time in the secondary zone should be set so 
as not to unnecessarily disrupt the secondary vapor blanket 
or cause defluxing of the solder paste. Lowering the board 
into the 215°C primary zone causes the solder to reflow. 
A dwell time of 10-30 seconds in the primary zone is general- 
ly sufficient for most PC boards. The dwell time in the 
primary zone is a function of the PC board mass. Once the 
solder is reflowed, the PC board is raised back into the secon- 
dary zone where the molten solder is allowed to solidify. 
In the batch system it is necessary to pay particular atten- 
tion to the ascent-descent rate of the elevator as the disrup- 
tion of the two-vapor zones will cause unnecessary loss of 
the expensive primary liquid. 


In-Line System Operation 


The operation of the in-line system is similar to that of 
the batch system except that there are no secondary vapor 
or dwell times with which to contend. The PC board is placed 
on a conveyor belt that transports it through the system at 
a constant speed. Passing through the vapor zone the solder 
becomes molten and solidifies as it moves toward the systems 
exit. Where the ascent-descent rate and dwell time are critical 
to the batch system, the conveyor speed is critical to the in- 
line system. The speed at which the conveyor should be set 
is also a function of the PC board mass. 
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Figure 6. Vapor Phase Reflow System with Secondary Vapor Blanket 
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Figure 7. In-Line Single Vapor Heating System Schematic 
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Cleanup 


Following the soldering | process, it is necessary to remove 
the flux residues. These residues can be removed by tradi- 
tional cleanup methods if the components have approximately 
5 mils clearance to the PC board. One benefit of the PLCC 
with its J-leads is that it provides approximately 29 mils of 
clearance. Special soaking, agitation, or other methods will 
be necessary to provide adequate cleanup for components 
with less that 5 mils of clearance. 


CONCLUSION 


A brief overview of surface-mount technology has been 
given showing its advantages over standard plated-through- 
hole technology. Surface mounting is a cost-effective, sen- 
sible solution to the ever increasing demand for denser cir- 
cuit boards. Detailed information about surface mounting is 
available from: most major component and equipment 
manufacturers and through numerous technical articles on 
the subject. As the electronics industry strives to implement 
more functions in a given area, Texas Instruments believes 
surface mounting will become the predominant mounting 
technology of the future. 
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64K-256K Plastic-Leaded Chip Carrier Compatibility 


Designing memory arrays compatible with Texas Instruments 
64K and 256K DRAMS in plastic leaded chip carrier (PLCC) 
is easily accomplished through proper PC board design. 
Unlike the 64K and 256K DIP packages which are identical, 
the PLCC packages have definite physical differences, This 


Application Report will cover those differences and how to ~ 


design for compatibility along with a few general rules on 
PLCC footprint layout. 


To design a 64K-256K compatible PLCC memory array, 
pin and package outline compatibility need to be considered. 





Figures 1 and 2 show both devices with their respective pin 
assignments and package outlines. The pin assignments for 
both devices are identical with the exception of pin 1. On 
the 64K package, pin 1 is a no connect (NC) and on the 256K 
package, pin 1 is address eight (A8). This presents no pro- 
blem as the 64K device will ignore this input. The major 
difference between the two packages is their physical size. 
The 64K device is packaged in the JEDEC standard 290 mil 
X 425 mil (nominal) PLCC while the 256K will be packag- 
ed in the 290 mil X 490 mil PLCC. The increase in package 
size for the 256K device is due to its larger chip size. 





b. 256K X 1 


c. 64K X 1/256K X 1 


Address Inputs 
Column Address Strobe 


Data In 


No Connection 


Data Out 

Row Address Strobe 
+5-V Supply 
Ground 

Write Enable 





Figure 1. PLCC Pin Assignments 
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Figure 3. PLCC Footprints 


Designing a PLCC memory array to accommodate both 
package sizes is accomplished through appropriate PLCC 
footprint layout. The 64K, 256K and 64K-256K PLCC foot- 
prints with recommended mechanical dimensions are given 
in Figure 3. The only difference between the 64K and 256K 
footprints are the location of the solder pads across the top 
and bottom of the footprints (necessary to accommodate the 
differences in package length). By. overlaying the two foot- 
prints a 64K-256K compatible footprint can be obtained. 

Notice that the solder pads along both sides are unchanged 
from the 64K and 256K footprints while the solder pads 
across the top and bottom have been stretched. The only 
drawback to the 64K-256K compatible footprint is that when 
using 64K devices some memory density is sacrificed due 
to the extra pad length at the top and bottom of the footprint. 
However, this may not be a serious constraint compared to 
the cost of laying out and producing two separate memory 
boards. 


To arrive at the PLCC footprint dimensions in Figure 2, 
several general design rules were used. Adhering to these 


design rules helps to ensure good solder joint integrity be- 
tween the PC board and the PLCC. 


1. Solder pad length should be 70-80 mils; shorter pads . 


may cause poor solder joints, longer Bads can be 
used but require more board area. 

2. Solder pad width should be 25-30 mils. 

3. The solder pads should extend a minimum of 10-15 
mils past the outer edge of the PLCC leads. This pro- 
vides a good solder fillet that will extend up the outer 
edge of the PLCC lead to yield a reliable solder joint 
that is easily inspected. 

4. Footprints must be symmetrical. Solder pads on op- 


posing sides should be of equal length and width.. 


Solder pads on adjacent sides do not have to be of 
equal length and width. 


This Application Report has illustrated that the 64K and 
256K PLCC are compatible through proper footprint layout: 
Also several general footprint design rules were presented 
to help ensure solder joint integrity. 
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High-Performance Memory Access with the TMS4161 


The dual-port concept of the TMS4161 Multiport Video 
RAM eliminates the large bottleneck caused by display 
refresh overhead by dedicating a high-speed serial port to 
that requirement, This enhances performance by eliminating 
the need for processor access to share the random-access port 
with display refresh. The random-access port can also be 
configured with a system to provide enhanced system 
performance over a standard memory access cycle. This 
involves interleaving the display memory such that multiple 
CPU memory access cycles coincide with a single VRAM 
memory access cycle. This application report presents a 
method in which system timing generation supports the 
access of interleaved banks of display VRAMs. 

Figure 1 exemplifies the memory configuration for a 
1024 x 1024 resolution, four-plane graphics system. Memory 
mapping of the display requires 1024 x 1024 or 1M-bits of 
memory per plane or a total of 64 TMS4161 devices (16 in 
each of the four planes). Four pixel planes are utilized to 
enable 16 colors to be displayed on the screen simultaneously. 


Four 16-bit parallel-to-serial shift registers are added 
externally to correspond to the four pixel planes. The serial 
port of the 16 TMS4161’s feed into the 16-bit external shift 
register which will require a reload of the on-chip 256-bit 
shift register every 16 x 256 or every 4096 pixels (four scan 
lines). A TMS4161 shift register reload operation involves 
the transfer of a designated row of memory to the on-chip 
256-bit shift register. This transfer operation is completed 
within a single memory cycle. In addition, the 256-bit shift 
register of the TMS4161 can be segmented into cascaded 
64-bit increments by virtue of a selectable tap point. An 
alternate scheme to consider is to set the tap points on the 
internal 256-bit shift register of the 4161 to 64-bit increments. 
This allows an internal TMS4161 memory-to-shift-register 
transfer to occur on every scan line. With every scan line 
transfer, the tap point on the internal shift register will be 
set to the next sequential 64-bit tap point, and that section 


- will be shifted out. Tap point utilization may serve to simplify 


graphics system design since memory transfer cycles will 
automatically occur after displaying every scan line. 


16-BIT EXTERNAL SHIFT REGISTER 


16-BIT EXTERNAL SHIFT REGISTER 


16-BIT EXTERNAL SHIFT REGISTER 


16-BIT EXTERNAL SHIFT REGISTER 
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Figure 1. High Performance Display Memory Block Diagram . 
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When a memory access is attempted by the processor, 
all 64 memory devices will be accessed simultaneously due 
to the single RAS decode signal (refer to Figure 1). The CAS 
signals are then used to interleave memory access so that 
16-bit (four bits from four planes corresponding to four 
pixels) data increments coincide with individual processor 
memory accesses. Four CAS signals are generated from the 
control circuitry and correspond to the four banks of memory 
in Figure 1 (CASO-CAS3). As a result, four consecutive 
memory access cycles are required to obtain all 64 data bits 
from all 64 TMS4161 devices. The initial processor access 
(CASO) will have to accommodate a wait state to realize a 
full DRAM access period (assuming a high-performance 
processor in the 125 to 150 ns cycle time range). Subsequent 
memory accesses (CAS1-CAS3), however, will approach the 
CAS access time of the device since RAS remains low and 


the minimum RAS-to-CAS delay has already been satisfied. . 


The only contention problem that may arise is between a fast 
CAS access of a successive access with the turnoff period 
(toFF) of the data from the preceding CAS access. The 
possibility of this contention is eliminated due to tc As (min) 
> 35 ns which is greater than toRF (max) < 20 ns. This 


system performance criteria allows the use of a graphics 


50-MHz 
CLK 


RD/WR 


Figure 2. 
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processor capable of a 125 to 150 ns cycle time because of 
the successive nature of the memory accesses. As 
mentioned previously, the first processor memory access will 
have to incorporate a wait state; however, subsequent 
accesses can operate at the processor cycle time. Figures 2 
and 3 are the contro! signal schematic and control signal 
timing diagram for this implementation. In Figure 2, the first 
S175 quad D-type flip-flop enables the memory only with 


-the first memory request from the processor. The subsequent 


three processor memory requests (generated from ALE) are 
used to latch data on the data bus as determined from the 
appropriate CAS bank enable. Circuitry and timings in 
Figures 2 and 3 show only the VRAM memory access 
timings for clarification purposes; the final system will have 
to arbitrate between memory access and memory transfer 
operations. Note that the actual cycle time of the memories, 
including RAS precharge periods, will be 640 ns (see 
Figure 3 where sixteen 40-ns clock cycles correspond to a 
complete memory cycle). The memory speed requirement 
corresporids to only the access time and not the cycle time 
since the memory banks are interleaved. A more practical 
implementation would allow for the number of memory 
access cycles to range from one to four to accommodate those 


CAS1 


=| 


CASO 


CAS2 


Control Logic Implementation of TMS4161 Banks 


CLK ve 


ALE a 


Figure 3. TMS4161 Control Timing Diagram 


memory accesses which change only four pixel groups 
(software would be used to determine which one of four 
pixels to change). Peak performance will be achieved when 
memory is accessed in four’ processor memory cycle 
increments where average memory cycle time approaches 
the CAS access time. The utilization of delay lines or more 
optimized control signal generation could increase system 
performance at a greater implementation cost. Optimized 
control circuitry would allow timing edges to more closely 
align with actual memory and processor specifications to 
maximize performance. 

The interleaved architecture offers a high performance 
memory access solution for those graphics system requiring: 
1. The high-performance requirement of a high- 
resolution graphics or engineering work station 

(processor cycle time of 100-150 ns). 


2. A high enough display resolution to require a 
large amount of memory. Specifically, the 
memory size must be large enough to establish 
a memory data path at least twofold the processor 
data bus width (i.e., 32-bit memory data path to 
a 16-bit processor). 

High-performance microprocessor-based systems can 
take advantage of this scheme since the access time of the 
DRAM approaches that of the CAS access time instead of 


the total DRAM cycle time. In these applications, the — 


TMS4161 VRAM devices can be configured to yield 
enhanced access performance through the random-access port 
while simultaneously shifting data out of the serial port. 
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Dual-Port Memory with High-Speed Serial Access 


Ray Pinkham 
Video Design Manager 
MOS Memory Activity 
Texas Instruments Incorporated 
P. O. Box 1443 
Houston, Texas 77001 


SUMMARY 


.The demand for a friendlier user interface, versatility in 
displayed information, and color have made raster scanned 
bit-mapped graphics a viable and attractive approach to 
graphics. Traditionally, however, high resolution bit-mapped 
graphics systems have been cost prohibitive, owing greatly 
to the high cost of semiconductor memory and the system 
level cost of the support electronics needed to achieve the 
required video memory bandwidth. This paper describes a 
64K x 1 dynamic RAM with an onchip 256-bit shift register 
and fast bulk data clear capability developed specifically for 
video applications. The RAM, designated the TMS4161 
Multiport Memory, is intended to provide relief to the 
graphics system designer wishing to design a bit-mapped 
graphics system at a reasonable cost. It also provides attrac- 
tive solutions for many non-video applications. 


INTRODUCTION 
Recently, there has been steady growth in the mid-to-high 
end arena of raster refreshed bit-mapped graphics displays, 
due largely to the growing demand for professional com- 


puters and work stations. Even the highest resolution displays 
found in CAD/CAM systems and flight simulators have turn- 
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ed to bit-mapped architectures. In bit-mapped displays, each 
pixel on the display can be controlled individually and in- 
dependently, providing the ultimate in versatility. The grow- 
ing appeal of bit-mapped systems is due largely to demand 
for: 


© Friendly user interface 

© Mixing of text and graphics on a single screen at will 

e Flexibility in the types of information which can be 
displayed such as windowing, priority planing, and 
variable text fonts. 


Design Challenges for Bit-Mapped Displays 

These attractive features inherent with a bit-mapped display 
have historically been achievable only at high cost. The 
amount of memory needed to describe each pixel on the 
display usually dominates the system costs. Furthermore, the 
memory must not only be fast enough to deliver the pixel 
information to the display with no screen flicker, but the CPU 
must have enough access to the display memory to update 
it and prevent very long screen redraw times. Figure 1 shows 
the square law relationship between screen resolution, 
memory requirements and video pixel scan rate necessary 
to maintain a flickerless display operating at 60 Hz in non- 
interlaced mode. It is clear that high resolution bit-mapped 
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Figure 1. Video Memory Size and Bandwidth Requirements Vs. Resolution Showing Three Basic Categories. 
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Figure 2. Typical Color Graphics System Illustrating Basic Blocks. Crucial to Such a 
Design are the CPU to Memory and Memory to Video Bandwidth 


graphics systems are very memory intensive. In very high 


" resolution systems (greater than 1K x 1K) incorporating 


color, the memory system alone, including shift registers, 
FIFOs multiplexers, and buffers, can represent 50% of the 
total graphics system cost. Previously, the high cost of the 
semiconductor memory chips themselves has limited the use 
of bit-mapped architectures. Furthermore, video memory 
bandwidth is often a limiting factor that the display system 
designer must consider. Obtaining memory chips with low 
cost-per-bit and high data rates has proven to be a burden- 
some task. Specifically, the architectures of high density 


dynamic RAMs have not until now been optimized for video 


applications. 


Figure 2 illustrates a typical graphics system implementa- 
tion. The key bandwidth requirements are twofold. First, the 
video display information contained in the bit-map memory 
must be transferred to the display on every vertical scan. Us- 
ing available dynamic RAMs (typically 300 ns cycle time), 
this requires very wide (60 to 120 bit) data buses loaded in 
parallel into high speed TTL or ECL shift registers operating 
at the dot clock rate. Second, the graphics processor must 
be able to access the display memory often enough to keep 
it updated and not be locked out by the video memory con- 
troller which must keep the display refreshed. 


Figure 3 shows a block diagram for a 1K x 1K black and © 
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white display system. To maintain a 60 Hz refresh rate re- 
quires a 12 ns dot clock rate assuming horizontal and ver- 
tical retrace times of 3.6 ps and 0.4 ms respectively. To 
achieve this data rate using conventional DRAMs with 300 

ns cycle times requires a data bus of 32 bits or 32 16K x1 __ 
dynamic RAMs, assuming that the processor is completely 
locked out during active scan. Typically, the processor will 
share access to the memory with the video controller on a 
fifty-fifty basis. That is, the video will have access on one 
cycle, the processor on the next, and so on. This doubles 
the necessary data bus width which means that all 64 chips 
necessary to hold the 1K x 1K display (64 x 16K = 1K x 1K 
= 1 megabit) will be brought out in parallel and loaded into 
a 64-bit shift register operating at the dot clock rate. In ad- 
dition, arbitration logic must be included to determine 
whether the CPU or the video refresh has control of the 
display memory at any given time. Tristate buffers under 
the control of the arbiter connect the address and data buses 
to either the CPU or the video. Lastly, the wide video data 
bus creates a mismatch to the (typical) 16-bit data bus from 


_ the CPU, necessitating a bank decode of 16 bits from the 


CPU selected onto 16 of the 64 video data lines. Use of 
16K x4 dynamic RAMs which have become available 
recently() provides some relief to the chip count problem. 
They reduce the DRAM chip count from 64 to only 16. They 
do not, however, provide any improvement with respect to 
reducing bus widths, eliminating support circuits, or 
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Figure 3. A 1K x 1K Black and White Graphics System Implemented with 16K x 1 Dynamic RAMs. 
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Figure 4. A 1K x 1K Black and White Graphics System Implemented with Multiport Memories. 


increasing the available bandwidth between the memory and 
the graphics processor. 


Clearly, a graphics system such as this one could be vast- 
ly improved in terms of cost and performance by: 1) decoupl- 
ing the video data bus from the CPU side of the video 
memory, allowing simultaneous access to memory by the 
video and the CPU, and 2) integrating the high-speed sup- 
port circuits onto the memory chips themselves. 


Overview and Description of the TMS4161 

The display refresh function in raster scanned bit-mapped 
systems is very regular. Therefore, rather than simply try- 
ing to build a faster DRAM, a new architecture concept for 
memory devices has been developed. The Multiport Memory 
interfaces a high-speed 64K DRAM to an internal 256-bit 
dynamic shift register. This gives the device, the TMS4161, 
a unique dual-port-like architecture that eliminates memory 
contention problems and reduces the hardware complexity 
of bit-mapped raster scanned displays. 


To lend some perspective as to what the Multiport Memory 
can provide, Figure 4 illustrates the same 1K x 1K black and 
white graphics display system implemented using TMS4161 
memory chips. The arbitration logic has been significantly 
reduced since the CPU has total access to the video memory 
during active scan. This also eliminates the need for large 
buffer/driver circuits. Also, since the serial ports of the 
memory chips can operate at speeds up to 40 ns without shar- 
ing access to the memory with the CPU, the 64-bit data bus 
can be reduced to 16 bits and still provide the necessary band- 
width to the video. Thus the CPU data bus width has been 
matched to the video bus and no bank decode is necessary. 
Lastly, the refresh counter can, in many applications, be 
eliminated or at least combined into the refresh circuits need- 
ed to refresh non-video system DRAM used to store graphics 
commands, display lists, etc. The TMS4161 would typical- 


‘ly boast a reduction of 72 chips (48 memory and 24 logic) 


versus the system implemented with 16K x 1 DRAMs. Ver- 
sus the system implemented with the 16K x 4 chips, the main 
chip reduction comes from the 24 logic chips. 
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Figure 5 illustrates a block diagram of the TMS4161 show- 
ing all address, data, and control signals used for both nor- 
mal DRAM (random) operation and sequential operation. 
The RAS, CAS, and R/W control signals; the 8-bit multiplex- 
ed row and column address inputs; and the random data-in 


' (D) and data-out (Q) pins provide the same interface to the 


DRAM portion of the Multiport Memory as for normal 
64K x 1 DRAMs. In addition, RAS, CAS, R/W, and the ad- 
dress inputs provide information to the Multiport Memory 
during transfer operations in which 256 bits of information 
contained in one row of the memory array is transferred in 


parallel into the 256-bit shift register in one 260 ns RAS. 


cycle time. 


Five additional pin functions have been added to control 
the serial ports. The serial input (SIN) and serial output 
(SOUT) deliver data to and receive data from the on chip 
register respectively. The serial output enable (SOE) pin is 


useful when multiplexing more than one video source into . 
_ the same video circuitry. When SOE is low, the serial out- 


put is in a low-impedance state and data can be shifted out 
of the register. When SOE is high, the serial output is 
placed into a high-impedance state. The serial clock signal 
(SCLK) is the clock needed to shift data along the shift 
register. It is analogous to the clock input to 256 D flip-flops 
cascaded D to Q. The TR/QE pin serves two functions. First, 
it controls whether or not data is to be transferred be- 
tween the shift register and the memory array during RAS 





low. Second, it serves as an output enable of the normal ran- 
dom output after CAS goes low during random mode 
memory accesses. This makes it possible to multiplex ad- 
dress and data information onto the same bus. 


The TMS4161 has three basic modes of operation: 


1. Read from or write to the memory array via the Q and 
D ports. 

2. Read from or write to the shift register via SOUT and 
SIN. 

3. Transfer 256 bits of data between the shift register and 
the memory array. 


Items 1 and 2, previously mentioned, can be performed 
simultaneously in the TMS4161. Since the shift register is 
disconnected from the memory array except when TR/QE 
is latched low on RAS falling, the data in the register can 
be shifted in and out under control of the SCLK pin while 
normal DRAM reads and writes are taking place. The 
transfer of 256 bits between the register and the array can 
take place in either direction. That is, the memory array can 
be written to by transferring 256 bits into one of the memory 
rows or the memory array can be read from by transferring: 
the contents of one of the memory rows into the shift register. 
This feature makes it possible to write a fixed row pattern 
to the entire memory array in just 256 cycles. This is par- 
ticularly useful in double frame buffered systems in which 
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Figure 5. Block Diagram of the TMS4161 Multiport Memory 
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the contents of one frame buffer must be cleared while the 
other is being displayed. This feature also allows re-ordering 
of the memory rows which is useful for scrolling operations. 


Figure 6 shows the internal architecture of the TMS4161. 
The 256-bit shift register is divided into two sections. The 
top section contains the even numbered shift register loca- 
tions and the bottom section contains the odd numbered shift 
register locations. The two sections are interfaced to in- 
terleaved buffer circuits at the SIN and SOUT ports to deliver 
the register data in the proper sequence. This has been made 
necessary since the shift register bit, which contains six tran- 
sistors, cannot be laid out in the same area as the normal 
dynamic RAM storage cell which contains one transistor and 
one capacitor. Thus, the register bit consumes the pitch of 
two DRAM cells. 


A key feature of the TMS4161 is its segmented register 
architecture. The 256-bit shift register has been optimized 
to provide for interlaced as well an non-interlaced displays 
by segmenting the register into four cascaded sections. The 
shift register is organized as a single 256-bit shift register 
that can be selectively tapped every 64 bits. A two-bit code, 
entered onto A6 and A7 instead of a column address during 
a shift register transfer cycle, is used to select the one-of- 
four tap points. For example, if the two bits are binary 00, 
the entire shift register of 256 bits can be shifted out in order. 
If the two bits are binary 01, then 192 bits starting at bit 64 
can be shifted out in order. If the two bits are binary 10, 
then 128 bits starting at bit 128 can be shifted out in order. 
A binary 11 allows 64 bits starting at bit 192 to be shifted 
out. All bits are shifted out least-significant bit first, most- 
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significant bit last with respect to the random access column 
address. 


Consider a 1K x 1K graphics system similar to Figure 4 
but using an interlaced display. In each horizontal row, 1024 
pixels must be scanned. Using 16 Multiport Memory chips, 
this means that each chip will contain a bit of data for 64 
pixels on each line. Furthermore, each time that the shift 
registers of the TMS4161’s are loaded, the registers will con- 
tain 64 bits of information corresponding to pixels on four 
consecutive (adjacent) scan lines, with segment 00 being the 
topmost of the four scan lines and segment 11 being the bot- 
tommost of the four lines (CRT scans top to bottom). In in- 
terlaced systems, the CRT first traces out the even numbered 
scan lines (even field) and then the odd numbered scan lines 
(odd field) for every vertical scan. To start the display at 
scan line 0 of the even field, the register is loaded and A6 
and A7 are set to 00 on the falling edge of CAS, selecting 
the 00 tap point and the 64 bits in segment 00 are shifted 
out to the display. Since scan line 2 is needed next, the same 
row of 256 bits is reloaded into the shift register and seg- 
ment (tap point) 10 is selected, skipping over the bits in seg- 
ment 01 representing line 1. All other scan lines in the even 
field are put on the screen using the same procedure. After 
vertical retrace, the odd numbered lines are filled in by set- 
ting the tap point to 01 and then 11 during the register loads 
and shifting the data out. 


Once the tap point is selected during a register load opera- 
tion, that tap point will remain selected until CAS goes low 
during the next register load operation. Thus, for non- 
interlaced systems, the code 00 can~be applied to A6 and 
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Figure 6. Block Diagram of the TMS4161 Showing Segmented Register Architecture. 
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A7 during the first transfer operation. Subsequently CAS can 
remain high during all future transfer operations and the 00 
tap point will remain selected. The tap-point code is stored 
in static latches and will remain valid as long as power is 
supplied to the chip. 


Figure 7 shows a timing diagram for a memory-to-register 
load operation followed by simultaneous and asynchronous 
operation of a random mode write cycle (e.g., CPU writing 
to video memory) and serial shift out of the register (to the 
video circuitry). The first bit out of the shift register is trig- 
gered off the rising edge of RAS. All subsequent 255 bits 
are propagated through the register off the rising edge of 
SCLK. To simplify designs in which non-video DRAM is 
contained in the same address space as the video DRAM, 
the TMS4161 Multiport Memory has been designed to be 
spec compatible with industry standard 64K x1 dynamic 
RAMs. 


Graphics Applications of the TMS4161 

Figure 8 shows a basic block diagram of a 1K x 1K black 
and white graphics system similar to that described in Figure 
4. The 16-bit CPU operates on 16 pixels at once and the pix- 
els have a regular one-to-one correspondence with the 





physical memory locations. The 16-bit data bus feeds directly 
into the D and Q ports of the Multiport Memories. The serial 
output ports of the 16 memory chips feed in parallel to an 
external 16-bit shift register which operates at the 12 ns dot 
clock rate determined earlier. The TMS4161 internal shift 
registers need only operate at one-sixteenth of the frequen- 
cy of the video dot rate, or 192 ns, well within their minimum 
clock period of 40 ns. 


The design simplicity inherent with the TMS4161 is il- 
lustrated in Figure 9, which shows the same 16 Multiport 
Memory chips configured into a 512 x512 pixel display 
system with four bits per pixel giving 16 possible colors. 
The memory is organized into four color planes, each 
512 x 512. Four memory chips are used for each color plane. 
Here the wiring of the CPU data bus onto the memory D 
and Q ports is slightly different. In this application the pixel 
information is read across the four color planes. That is, the 
CPU operates on four pixels at once and the computer word 
contains all four bits of information describing each of the 
four pixels as shown. The external 16-bit shift register is 
divided into four 4-bit registers each of which will supply 
one bit of information (corresponding to a single pixel) to 
a color look-up table on each dot clock cycle. It is interesting 
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Figure 7. Timing Diagram of TMS4161 Register Load Followed by Simultaneous Serial and Random Mode Access. 
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Figure 8. Memory Configuration of a 1K x 1K Black and White Graphics Showing Pixel-Data 
Relationship and Data Bus Configuration. 
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Figure 9. Memory Configuration of a512 x 512 Graphics Featuring Four Bits Per Pixel. The Memory Timing of the 
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'TMS4161 Serial Ports is the same as the Black and White System in Figure 8. 


9-37 


le Applications Information 


le uo}euUNOoju] SuONneoddy 


to note that even though the internal shift registers of the 
TMS4161’s must now operate at one-fourth the frequency 
of the external registers rather than one-sixteenth the frequen- 
cy as in the previous case, there are only one-fourth as many 
pixels to display so the shift rate of the Multiport Memory 
shift registers remains 192 ns, exactly like the previous case. 
In fact, regardless of screen resolution and number of color 
planes, the shift rate required of the TMS4161 shift registers 
remains relatively constant. This points to a key plus in utiliz- 
ing the TMS4161: design flexibility. 


Non-Video Applications of the TMS4161 

The serial input port of the TMS4161 significantly 
enhances the chip’s usefulness in both video and non-video 
applications, For example, it can be used to load in a video 
data stream in an image processor application such as charge 
coupled device (CCD) imagers. Non-video applications 
which could benefit from such a device include main memory 
in high-speed memory systems whereby the dual-access 
nature of the device facilitates disc to main memory and main 
memory to cache memory bulk data transfers. Tag-bit pro- 
cessing is greatly simplified with a substantial increase in 
performance. The tag bits of a data word in a computer 
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system are read from TMS4161 memory chips and thus can 
be quickly set and cleared sequentially as well as be com- 
pletely cleared using the fast clear feature described earlier. 
This can be useful in virtual memory systems when keeping 
track of available physical memory space. Network com- 
munications is also an attractive application area for the 
TMS4161. Whether collision detection or token ring based, 
10 MHz serial data transmissions can be handled easily us- 
ing the serial ports of the TMS4161 while its memory array 
is being accessed. 


CONCLUSION 


The decreasing cost-per-bit of dynamic RAM coupled with 
an advanced memory architecture will provide both a cost 
reduction and a performance enhancement to todays’ bit- 
mapped graphics systems. By providing asynchronous ran- 
dom and serial ports and integrating the necessary support 
electronics, the TMS4161 promises to provide unprecedented 
design simplicity in todays systems. The TMS4161 is also 
well suited for a variety of non-video applications, providing 
performance enhancements and design simplicity here as 
well. 


This paper was initially presented at WESCON °83 and is reprinted with their permission. 
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Topological Structure of the TMS4161 Multiport Video RAM 


In many applications, there will be a need to analyze the 
architecture of the TMS4161 Multiport Video RAM to con- 
firm proper operation. The purpose of this application report 
is to define the internal architecture and function of the 
TMS4161 as they relate to its operation. In this manner, the 
memory array and shift register of the TMS4161 can be tested 
properly to guarantee device adherence to application 
requirements. 


INTERNAL ADDRESS WEIGHTINGS 


Sixteen address bits are needed to decode one of 65,536 
memory locations in the memory array. The multiplexed 
addressing scheme provides for RAS (Row Address Strobe) 
to latch 8 row addresses, and CAS (Column Address Strobe) 
to latch 8 column addresses. A 256-bit shift register is in- 
tegrated onto the TMS4161 to add an additional port for data 
access in a serial mode. The external pin address names cor- 
respond directly to the internal address weights of the 
memory array (i.e., RA7 has addressing weight of 27) as 
indicated by Table I. 


Table I. Internal Address Weightings 
Desired Row or TMS4161 
Column Address r 
(MSB) RA7,CA7 27 
RA6,CAG 


RAS,CAS 


RA4,CA4 
RA3,CA3 
RA2,CA2 
RA1,CA1 
(LSB) RAO,CAO 





ARRAY TOPOLOGY 


The same memory array layout is utilized with the 
TMS4161 as with the 64K x 1, TMS4164 DRAM (See Ap- 
plication Note MM4164A9 for further information concern- 
ing the TMS4164 topology). Translation from the pinout of 
the TMS4161 to the memory array topology is represented 
by Figures 1(a) through 1(d). The algorithms for determin- 
ing near and nearest neighbors to a monitored memory cell 
are summarized in Tables II and III with (R,C) representing 
the cell location where R = row address and C = column 
address. , 


Table I. Near and Nearest Neighbors if Row and 
Column Addresses are Either Both Even or Both Odd 


<7F R-2,C+1 R-2,C+0 
R+0, C+1 R+2, C+0 
R-1,C+2 




















R-2,C+0 
R+2,C+0 
R-1, C-2 





Table III. Near and Nearest Neighbors if Row and 
Column Addresses are Neither Both Even or Both Odd 


R+0, C-1 
R+2,C-1 


R-2,C+0 
R+2,C+0 
R+1,C-2 


R+0, C+1 
R+2,C+1 


R~2,C+0 
R+2,C+0 
R+1,C+2 





INTERNAL DATA INVERSION 


Note that the algorithm changes for each half of the 
array due to the fact that the top half is laid out as the mirror 
image of the bottom half. Data in the top half of the array 
is stored in inverted form while data in the lower half is stored 
in true form. This internal data inversion is transparent to 
the user; however, for generation of specific patterns, this 
data inversion must be taken into account. Row address bit 
seven selects between the upper and lower memory arrays, 
thus the circuit shown in Figure 2 may be used to compen- 
sate for this internal data inversion. This allows data 
written in and read out to be the same polarity as the data 
stored in the addressed memory cell. 


MEMORY ARRAY ACCESS | 


During an access cycle, 256 column locations are enabl- 
ed by RAS (corresponding to the selected row). Four of these 
256 column locations are then decoded from CAO-CAS after 
the addresses are latched by CAS. The four column loca- 
tions are then decoded by the least significant column 
address bits (CAO and CA1) selecting a single bit to be read 
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Figure la. TMS4161 Pinout Figure 1b. Array Organization 
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Figure 1c. TMS4161 Array Bit Map Figure 1d. Upper and Lower Array Cell Topology 


Figure 1(a) shows the chip pinout, Figure 1(b) is a closeup of the array, Figure I(c) shows the bit map for the rows sand 
columns, and ‘Figure 1(d) is a closeup of the cell topology 4 in the array. 
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DATA TO Table IV. Algorithm for Determination of Additional 


BE WRITTEN ) >»— D (PIN 4) Accessed Memory Locations 
LATCHED 


ROW RA7 coe Additional Accessed 
pasrexs Memory Location 
CA7 CAG = . 


ADDRESS DATA TO 
Q (PIN 16) ie BE READ R+0,C+1 R+0,C+2 R+0,C4+3 


R+0,C-1 R+0,C+1 R+0,C+2 
Figure 2. Circuit for Compensation of R+0,C-2 R+0,C-1 R+0,C+1 
Internal Data Inversion 










Oo _ 0 
0 1 
1 0 
1 1 





R+0,C-3 R+0,C-2 R+0,C-1 





The algorithms can be useful in verifying that the one-of- 


or written through the one-of-four data input/output four data input/output select function is operating correctly _ 
selector (see Figure 3). As a result, the four internally on the device. 

accessed memory locations are obtained from four adjacent 

columns of a single accessed row. An algorithm can be SHIFT REGISTER FUNCTION 

developed which will calculate the other three accessed 

memory locations based on the position of the intended The significant difference between the TMS4164, 


memory location in the array. This algorithm is shown in 64K x 1 DRAM, and the TMS4161, Multiport Video RAM, 
Table IV assuming the memory location (R,C) as the base is the addition of the 256-bit shift register on the TMS4161. 
location. Important tests to evaluate are the transfer of data from a 
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Figure 3. TMS4161 Functional Block Diagram 
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memory row to the shift register and from the shift register 
to a memory row. These transfers are easily verified since 
the column address of an individual data bit in the memory 
row to be transferred corresponds to the same position 
number of the shift register. For example, the data stored 
in column address 127 of the row being transferred will be 
written to position 127 of the shift register. As a result, the 
data obtained from the serial stream of the shift register will 
correspond, one for one, to the row of memory that was 
transferred. In a similar fashion, serial data can be input to 
the shift register position 255 by the SIN input. Subsequent 
shift clocks to the shift register will move the data from the 
most significant shift register bit to the least significant bit. 
When fully shifted (256 clocks), the data in the shift register 
can be transferred to the array and will correspond to that 


row of memory as if that row had been sequentially written - 


in random access mode. For additional information concern- 
ing the testing of the TMS4161, refer to the ‘‘Testing 
Philosophy for the TMS4161”’ Application Report. 
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SHIFT REGISTER ARCHITECTURE 


Figure 3 is a functional block diagram of the TMS4161, 
Multiport Video RAM (VRAM), and Figure 4 is a block 
diagram of the shift register and control circuitry of the 
VRAM. The shift register is actually subdivided into two 
sections; the sections correspond to the odd and even 


column loctions, respectively, of the memory row to be 


transferred. As shown in Figure 4, the even shift register 
is physically located adjacent to the top half of the array, 
while the odd shift register is adjacent to the bottom half of 
the array. The two shift register sections are interleaved to 
yield the sequential output of the memory row; the interleav- 
ing is done synchronously with the register shift clock and 
automatically selects the even shift register bit for the initial 
output of the shift register. This is accomplished transparent 
to the external device operation. For those operations where 
the shift register is to be loaded serially from the SIN input, a 
dummy transfer must first be made for initialization purposes 
(either to or from the shift register). This serves to properly 
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Figure 4. TMS4161 Shift Register and Control Block Diagram 
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set up the serial input sequence from the input multiplexer 
so that the even bit shift register will be loaded first. Subse- 
quent serial input (from SIN) will switch between the two 
shift registers to achieve the proper input sequence. 


SHIFT REGISTER TAP POINTS 


The shift register is divided into four cascaded 64-bit 
shift registers segments based on the select function which 
is decoded by the two most significant column address bits. 
Tap points are set up along the 256-bit shift register at 64-bit 
increments. This allows the shift register to be tapped at less 
than 256 bits for those applications that may demand register 
addressability down to 64 bits. Table V illustrates the 
column addresses needed to select the desired tap point in 
the shift register. 


Table V. Shift Register Tap Points 


Column Shift Total Corresponding 
Address Register Available Column 


|CA7 | CAG | Position S.R. Bits Location 





ie) (¢) 256 CO-C255 
oO 64 192 C64-C255 
1 128 ‘128 C128-C255 
1 192 64 C192-C255 


These tap points for the shift register are applicable only 
to the output of the shift register (SOUT); data into the shift 
register (SIN) is always shifted into position 255 (column 
bit 255) and shifts toward position 0 (column bit 0). 


SUMMARY 


With multiprocessor and dual-ported applications 
becoming very commonplace, the added features of the 
TMS4161 Multiport Video RAM make it an excellent choice 
to eliminate the bottlenecks that have previously occurred 
in accessing system memory. To ensure proper system per- 
formance of the TMS4161, the previous discussion has 
described the topological structure of the device and how it 
corresponds with device functionality. As a result, test 
algorithms can be configured which will comprehend a worst 
case system condition and ensure proper device operation. 
Texas Instruments is committed to the production of only 
the most reliable components, and will continue to supply 
the engineer with the necessary tools and support so that the 
components that are used will conform to his or her system 
and design requirements. 
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An Introduction to the TMS4256 and TMS4257 


MOS Memory 
Applications Engineering 


INTRODUCTION 


As applications utilizing dynamic RAM’s have increased, 
the need for a flexible DRAM has also increased. The 
TMS4256 and TMS4257 expand this flexibility with the ad- 
vent of the latest generation, 256K dynamic RAM devices. 
The TMS4256 is the page-mode version while the TMS4257 
-is the nibble-mode version of the 256K x 1 dynamic RAM’s 
offered by Texas Instruments. The purpose of this applica- 
tion report is to guide the prospective DRAM user in the 
operation of the TMS4256 and TMS4257 to take full advan- 
tage of the device potential. Many of the same design and 
production techniques from the 64K DRAM generation are 
utilized with the 256K generation; however, there are im- 
portant differences. 


ARCHITECTURE 


A primary consideration in the design and development 


of the 256K architecture was to retain the same refresh 
scheme as the previous 64K generation. Refresh for the 256K 
DRAM is accomplished by supplying 256 refresh cycles 
in a 4 ms-period. The memory array can be visualized as a 
matrix of 256 rows by 1024 columns which has been split 
into two arrays of 256 rows by 512 columns for the upper 
and lower halves of memory — the two halves actually 
mirror each other. A single refresh cycle causes a row in 
both upper and lower arrays to be refreshed. When a memory 
read or write is performed on the memory array, there are 
actually four memory locations that will be enabled. Exter- 
nal to the memory array is a one-of-four selection function 
where one out of the four memory locations enabled from 
the memory array will be selected by decoding row address 
bit 8 and column address bit 8. As a result, a single data 
bit is placed at the Q output during a memory read, or a single 
memory location is enabled for writing the data bit D dur- 
ing a memory write. This architecture lends itself very easily 
to either nibble mode or x4 arrangements. 
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Figure 1. TMS4256/TMS4257 Functional Block Diagram 
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DEVICE ENHANCEMENTS 


Several product improvements have been integrated in- 
to the TMS4256 and TMS4257 to enhance both performance 
of the device and user flexibility. 


SUBSTRATE PUMPS 

Internally, substrate pumps have been designed to 
minimize the effect of control signal undershoot. Compen- 
sation circuitry is utilized to minimize fluctuations in the 
substrate voltage. From the device point of view, the overall 
result of the substrate pump is the reduction of the charge 
injection of minority carriers into memory cell storage 
capacitors and periphery circuitry. From the system point 
of view, it provides the designer extra margin in minimiz- 
ing the effects of excessive undershoot in the system and im- 
proving the overall performance of the system. 


FOLDED METAL BIT LINES 

Two important changes were implemented with the 
256K device bit lines which improve both device noise im- 
munity and performance. Aluminum (metal) bit lines are 
utilized in the TMS4256 and TMS4257 where diffused bit 
lines were used in previous generation devices. The 
capacitive loading of a metal bit line is significantly less than 
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for a diffused bit line. The folded bit line approach makes 
use of excellent common mode noise rejection to minimize 
the effects of noise on the sensing margins. Approximately 
the same noise levels will be experienced by two bit lines 
that are input to the differential sense amplifier because they 
are physically close and parallel to one another. Since a dif- 
ferential sensing scheme is used, any common noise has 
little effect on the sense amplifier. 


POLYCIDE WORDS LINES 

The TMS4256 and TMS4257 utilize polycide film for 
the word lines for enhanced device speed. Polycide is a 
polysilicon material which has been sputtered with a metal 
for the purpose of signal propagation enhancement. The 
relative resistance of the polycide material is a factor of ten 
less than that of polysilicon. As a result, reduced signal delay 
is achieved through the word lines without the complexity 
and cost of a double-metal process (metal bit line and metal 
word line). Architectural analysis for the 256K revealed a 
higher performance device would be achieved with the 


utilization of metal bit lines instead of metal word lines. The 


use of polycide word lines with its metal-like properties, 
became the obvious approach to achieve the fast access times 
necessary to accommodate required system performance. 
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Figure 2. Folded Bit Line and Shared Dummy Cell Concept 
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SHARED FULL-SIZE DUMMY CELLS 

A dummy cell is used as one input to the differential 
sense amplifier with the accessed memory cell being the other 
input. Typically, the charge from the dummy cell will create 
a differential voltage across the sense amplifier to distinguish 
between logic ‘‘1’’ and logic ‘‘0’’ of the memory cell. With 
the use of dummy cells that were only half the normal 
memory cell size (previous generation DRAM’s), slight pro- 
cess deviations or marginalities would cause a larger per- 
formance degradation on the dummy cell than the memory 
cells (the net area reduction due to process variation depends 
directly on the perimeter of the cell). Figure 3 shows the 
relative effect of a 0.25 micron process deviation on both 
a full and half size cell. The TMS4256 and TMS4257 employ 
a full size dummy cell which is shared by the two columns 
enabled during a normal memory access cycle (see Figure 
2). Recall that two rows and two columns are actually enabled 
in the memory array when memory read or write cycles are 
implemented. The overall charge distribution with respect 
to each bit line will be the same as with the half size dummy 
cell; however, process deviation effects on sense amplifier 
performance will be minimized. The relative voltage dif- 
ferential between a dummy and memory cell will remain the 
same despite minor process deviations. 


REDUNDANCY 

Redundancy is the technique of replacing initially defec- 
tive memory locations with spare rows or columns. Redun- 
dancy has been implemented by adding two additional rows 
for each 64K section of the 256K DRAM (8 total), and four 
total additional columns. When defective memory locations 
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DEVIATION 


are encountered on a chip during probe, one of the additional 
rows or columns will be physically enabled to replace the 
defective memory location(s) — this is accomplished by laser 
repair technology. This will be totally transparent to the 
device user, thus he will not notice a change in either per- 
formance or reliability of the part. Use of redundancy for 
the 256K generation enhances probe yield, especially in the 
early production life; this translates to lower device cost to 
the DRAM user. . 


MULITPLEXED SENSE AMPLIFIERS 

An important parameter to examine in judging a 
dynamic RAM’s sensing capability is the capacitance ratio 
of the bit lines to the memory cell. Ideally, the full storage 
voltage of a memory cell should appear on the sense amplifier 
input; however, this is not practical since the input to the 
sense amplifier is composed of a capacitive network. The 
objective then is to minimize the ratio of the bit line 
capacitance to the memory cell capacitance in order to 
minimize the voltage loss and time delay of a signal enroute 
from a memory cell to the sense amplifier input. The 
multiplexed scheme allows the sense amplifier to be placed 
in the middle of the bit line instead of at either end, allow- 
ing selection to occur in-only half of the bit line as deter- 
mined by row address bit 7. Only the half of the bit line 
selected at any given time will contribute to the capacitive 
loading on the selected cell. Consequently, the voltage loss 
and time delay of a memory cell signal will be half as much 
with the multiplexed sense amplifier architecture. The bit 
line to memory cell capacitance ratio for 256K generation 
devices is approximately 8:1. 


FULL SIZE CELL 





AREA = .95 (2X) 


EFFECT 


TOTAL DEVIATION = +25% 


TOTAL DEVIATION = +5% 


Figure 3. Process Deviation Effects on Dummy Cells 
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SHARED CGLUMN DECODERS 

In order to conserve silicon real estate, multiplexed col- 
umn decoders are utilized with the 256K devices. Figure 1 
shows how the column decoders are located down the mid- 
dle of the device. Each column decoder corresponds to two 
sense amplifiers in both the upper and lower half of the 
memory array, which necessitates only 256 column decoders. 
Eight column addresses are needed to decode one of 256 col- 
umn decoders. Each decoder selects four data bits from four 
columns to be sent to the periphery where row and column 
bit 8 is used to select one of the four bits. The resultant four 
columns are decoded outside of the memory array (see 
paragraph on Architecture). 


CONTROL SIGNALS USED 


In order to take advantage of the relative functional and 
space saving attributes of dynamic RAM’s, necessary con- 
trol signal implementation must be considered. These con- 
trol signals follow along the line of standard DRAM control 
signal implementation. 


ADDRESSES (A0-A8), RAS, CAS 

Eighteen address bits are necessary to decode one of 
262,144 different memory locations. Since minimizing the 
pin count on a dynamic RAM is essential, the eighteen ad- 
dress lines are multiplexed. The architecture of the TMS4256 
and TMS4257 can be visualized externally as a 512 
row X 512 column memory cell matrix. Operating together 
with the row and column addresses will be the row address 
strobe (RAS) and column address strobe (CAS) signals, 
respectively. Initially, RAS will select one of 512 rows from 
the nine row addresses presented at the DRAM address in- 
puts. A multiplex (MUX) signal must be generated within 
the system in addition to RAS and CAS in order to cause 
multiplexing circuitry to switch from row to column ad- 


CAS 


dresses at the DRAM address inputs. A typical system will 
employ a shift register or delay line in generating RAS, 
MUX, and CAS which will be synchronized by a system 
clock. It is important that generation of these control signals 
be synchronized with the host system to optimize the memory 
performance within the system. 


WRITE ENABLE (W) 
A read or write function is determined by a high or 
low state, respectively, of the write enable signal (W). W 
will be generated by the host controller directly or through 
some decoding circuitry to the DRAM memory. The way 
in which it will appear at the DRAM W input will depend 
on the type of memory cycle to be utilized with the dynamic 
memory. It is necessary that the generation of W be coor- 
dinated with other control signal generation to accommodate 
the TMS4256 and TMS4257 memory cycle specifications. 
Various combinations of these basic operational signals 
give the TMS4256 and TMS4257 the flexibility to adapt to 
different modes of operation. 


AVAILABLE MEMORY CYCLE TYPES 


READ CYCLE (REFERENCE FIGURE 4) 

A read cycle will be utilized at a point in a host con- 
troller instruction sequence where external memory is re- 
quired. The condition which dictates a read cycle is to have 
WwW W high for a specified setup time before the falling edge of 
CAS (trcs). Valid data will be available at the DRAM Q 
output after a specified maximum period of time following 
CAS low (tc AC) and RAS low low (tRAC). W must be kept high 
until after both CAS and RAS return to high states. Data 
at output Q will remain valid for a maximum period of toFF 
following the rising edge of CAS before Q will go into a 
high-impedance condition. 


Figure 4. Read Cycle Timing 
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EARLY WRITE CYCLE (REFERENCE 
FIGURE 5) 

Early write describes a write cycle where | W is taken 
low a minimum time period (tyes) before CAS goes low. 
Valid data must be available before the falling edge of CAS 
(tps), and is latched by CAS at the D input. An important 
attribute of an early write cycle is that a high-impedance Q 
output is guaranteed. This will allow the user to connect both 
D and Q together without the utilization of three-state buf- 
fers for output control. A possible complication may arise 
in using a controller with a multiplexed address/data bus. 
Valid data will not be present on the address and data bus 
for_a specified delay period following address latching; so 
CAS going low will be forced to wait for valid data before 
latching it. The CAS low period will still have to be satisfied 


which may cause the early write cycle to be longer than the . 


corresponding implementation of a write cycle. 
WRITE CYCLE (REFERENCE FIGURE 6) 
A write cycle will be instituted at a point in the instruc- 


tion sequence of a host controller when data is to be stored 
in external memory (DRAM in this case). Invalid data will 


RAS 


CAS 


=| 


be present on the DRAM Q output since the pre-condition 
of output three-state (twcs in the early write cycle) was not 
met. However, the Q output will not be utilized during a write 
cycle so valid data is not necessary at Q. A problem arises 
with the implementation of a bidirectional data bus where 
contention will occur between invalid data present at Q and 
valid data available at D. If bidirectional data lines are re- 
quired, an external set of three-state buffers will be necessary 
to prohibit bus contention between input and output lines of 
the DRAM during a write cycle. A standard write cycle will 
have W / going low following CAS — the data must be valid 
before W goes low. In addition, the minimum specified CAS 
low to W high hold time (tw) is important in order to 
guarantee sufficient time to write data to the addressed 
memory location. Closely related to this are the requirements 
for minimum W low to RAS high (trw 1) and W low to CAS 
high (tCWL). A write cycle will typically be used with a 
system with multiplexed address and data lines where data 
does not become valid for some delay period following ad- 
dress latching. Also, the system may require CAS to go low 
as soon as possible in order to comprehend the minimum 


| | 
i Ses are, ae 
twcs #4 } 


IS Ch heer eee 


jee] ts 
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Figure 5. Early Write Cycle Timing 
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Figure 6. Write Cycle Timing 
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specified CAS low time — data may not be set up by this 
point which will prohibit an early write cycle. 


READ-MODIFY-WRITE CYCLE 
(REFERENCE FIGURE 7) 

For those applications which require a specific memory 
location to be read and written to in the same memory 
cycle, a read-modify-write cycle will be the most efficient 
cycle. W must be high a specified setup time before the fall- 
ing edge of CAS to ensure that the memory location will be 
read. Recall that this is the same procedure as with a stan- 
dard read cycle; so valid data will appear at the output Q 
a maximum tcAC time from the falling edge of CAS. A 
read-modify-write cycle can be instituted by bringing W low 
after a minimum time from the falling edge of CAS (tcwp). 
This minimum time will guarantee sufficient time for the data 
located at the accessed memory location to be enabled and 
sensed during the read part of the cycle. The low edge of 
W will latch valid input data on the data bus to the D input 
of the DRAM. Subsequently, satisfying minimum periods 
for tcwL and tpwL will ensure that valid data at the D in- 
put will properly be written to the specified memory loca- 
tion. If a bidirectional data bus is to be utilized, three-state 


RAS 


CAS 


buffers will be necessary to ensure no contention on the data 
bus between input and output data of the DRAM. Any type 
of application where memory must be read and manipulated 
quickly may utilize read-modify-write cycles. 


PAGE MODE (REFERENCE FIGURE 8) 


Page mode is an optional mode, designated by 
TMS4256, which allows the user to generate numerous 
memory accesses with only a single RAS low edge. It is im- 
portant to note that these accesses will occur only along the 
same row and will require subsequent CAS pulses to coin- 
cide with new column addresses. After a particular row is 
latched by the RAS low signal, CAS will latch individual 
memory locations as it accesses various column locations 
within the latched row. It is necessary to provide a different 
column address for every memory location that is desired. 
In this manner, page mode can be utilized in an accelerated 
access of nonsuccessive memory locations if the application 
demands it. The RAS low maximum specification (10.0 ys) 
is the limiting factor here and will allow approximately 64 
read or write cycles, or 42 read-modify-write cycles before 
RAS must be taken high to satisfy DRAM precharge re- 
quirements (— 150 ns devices). Page mode memory access 
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Figure 7. Read-Modify-Write Cycle Timing 
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Figure 8. Page Mode R-M-W Cycle Timing 


9-50 


can be instituted for memory read, write, or read-modify- 
write cycles. 


NIBBLE MODE (REFERENCE FIGURE 9) 

A nibble mode cycle is a cycle where up to four suc- 
cessive bits are read from or written to memory in an ac- 
celerated manner over conventional cycles. The TMS4257 
incorporates circuitry providing nibble mode operation. All 
preconditions for read, write, and read-modify-write cycles 
hold true with nibble mode as well. Only the initial memory 
address needs to be presented to the DRAM for proper nib- 
ble mode operation. RAS will stay low for the complete 
memory operation, while CAS is toggled up to four times 
to drive the desired memory cycle functions. If CAS con- 
tinues to be toggled past four times, the same four bits will 
be recycled in a modular fashion. Note that only the initial 
column address is needed since the other three bits are link- 
ed to the first one. 


NIBBLE MODE VS. PAGE MODE 
COMPARISON 


Following examination of differences between page 
mode and nibble mode operation, the design engineer must 
decide which option will best suit his application. Basically, 
three factors need to be analyzed: 


1. The relative performance improvement of one 
option over the other, 

2. The required additional hardware to implement 
one option over the other, and 

3. The interval at which the processor can be in- 
terrupted to reaccess the DRAM. 


Examination of the specification for particular speed 
ranges reveals, on the average, a 25-30% performance im- 
provement of nibble mode over page mode. Practical im- 
plementation, however, shows approximately a 10% per- 
formance improvement. This practical implementation in- 
volves aligning important signal edges with an appropriate 
clock according to device specification guidelines. Hardware 


RAS 


tNCWwoR—yt«éid 


implementation for both the TMS4256 and TMS4257 will 
be approximately the same. The major difference with respect 
to hardware is that nibble mode requires only one row and 
one column address for four output data bits, while page 
mode requires one row and a separate column address for 
every data output; however, if the column address are 
sequential, they could be generated by an external counter. 
Nibble mode requires a RAS precharge period and a new 
row and column address to continue past four output bits, 
while the RAS low period maximum dictates the maximum 
number of page mode cycles that can occur before a 
precharge period must be inserted. As a result, those applica- 
tions which require the host controller to not be interrupted 
while reading or writing a long continuous data stream may 
warrant the use of the page mode option. If the host con- 
troller can afford to be interrupted every four bits (from the 
data stream perspective) or if only short data bursts (< four 
bits) are necessary, the nibble mode option may be prefer- 
red. It is important to note that nibble mode will continue 
to outperform page mode for long data streams; but this is 
at the expense of host controller interruption every four bits. 
In addition, page mode has the capability to. manuever ran- 
domly through an accessed row if the application demands it. 





REFRESH OPTION 


Inherent with the design of a dynamic RAM memory 
subsystem is the need to refresh the dynamic RAM’s. Refresh 
is necessary because charge in the individual memory cells 
is stored dynamically. Every row address cycle will 
regenerate the stored data in all memory locations of the ad- 
dressed row. Thus the full memory may be refreshed in 256 
cycles. Since refresh is an important consideration in the 


design of dynamic RAM systems, various refresh alternatives _ 


are important to retain system design flexibility. The 
TMS4256 and TMS4257 employ three separate ways in 
which dynamic RAM refresh can be implemented: 


1. RAS-only refresh, 
. CAS-before-RAS refresh, and 
3. Hidden refresh. 
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Figure 9. Nibble Mode R-M-W Cycle Timing 
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- RAS-ONLY REFRESH 


This is the historical approach to refreshing dynamic 
RAM’s. An external chip timer will enable an external 
counter at the appropriate refresh period to output the cur- 
rent row to be refreshed — the counter will be automati- 
cally incremented for the next refresh cycle. From the 
DRAM point of view, RAS is to be brought low a delay 
period following CAS going high (Figure 10). It is assumed 
that the row address has been generated by the external 
counter and it is valid a specified setup period before RAS 
goes low. Subsequent row refreshes can be done by bring- 


ing RAS high following the RAS low period, satisfying RAS 


high time (precharge), and again bringing RAS low (it is 
assumed again that the subsequent row address is valid and 
is setup a specified period before RAS goes low). There is 
no restriction as to the number of refresh cycles that can be 
accommodated sequentially. This is referred to as a ‘‘burst”’ 
refresh when several refresh cycles are done together. The 
periodic interjection of refresh cycles, one row at a time, 
is usually referred to as distributed refresh. Note that row 
address 8 is not necessary to accommodate the 256 cycle 
refresh. 


CAS 


CAS-BEFORE-RAS REFRESH 

This feature will be available on the TMS4256 and ' 
TMS4257 dynamic RAM’s. This feature includes an on-chip 
refresh counter to eliminate the requirement for an external 
refresh counter. Examination of the cycle (Figure 11) reveals 
that CAS must be low a specified setup period before RAS 
goes low to enable a CAS-before-RAS refresh cycle. For 
successive refresh cycles, CAS can remain low while RAS 
is taken high to satisfy precharge requirements and obtain 
the next refresh address. From a system point of view, the 
CAS-before-RAS option allows a level of address multiplex- 
ing (for refresh) and refresh counter circuitry to be eliminated 
from system dynamic RAM design. The on-chip counter will 
enable the present refresh address when the CAS-before-RAS 
refresh preconditions are met. It is possible that the use of 
an available DRAM controller device, already provided with 
multiplexing and counter features, may not effectively utilize 
the CAS-before-RAS refresh feature. 


HIDDEN REFRESH __. 
Hidden Refresh is a form of CAS-before-RAS refresh 
which involves attaching a refresh cycle (or multiple refresh 
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Figure 10. RAS-Only Refresh 
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Figure 11. CAS-Before-RAS Refresh 
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Figure 12. Hidden Refresh 


cycles) directly behind a normal memory cycle (Figure 12). 
Instead of bringing CAS high at the end of the memory 
cycle as is normal, CAS remains low indicating hidden 
refresh cycles are to be implemented. RAS must be brought 
high before hidden refresh begins in order to satisfy RAS 
precharge requirements. This will allow sufficient time for 
the current refresh row address (internally generated) to be 
presented at the DRAM address inputs and select the ap- 
propriate row to be refreshed. Data that was presented at 
Q during the memory access cycle remains valid throughout 
-the following refresh cycle(s). Multiple refresh cycles can 
be implemented simply by continuing to keep CAS low, 
bringing RAS high again to satisfy precharge, and providing 
the next refresh address at the appropriate time. 


CONCLUSION 


The purpose of this application note has been to 
introduce the potential 256K DRAM designer with 256K 
DRAM features and flexibility. Such features as nibble mode, 
page mode, read-modify-write, early write (etc.) allow the 
designer to use the memory to fit his particular application. 
Refresh, historically a problem in DRAM design, has been 
minimized as a problem with several options. The memory 
depth advantages of dynamic RAM’s can be easily taken 
advantage of with the TMS4256 and TMS4257 with minimal 
interface problems. 
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TMS4256/TMS4257 Topology 


INTRODUCTION 


Effective dynamic RAM testino requires a thorough 
knowledge of the exact topology of the memory array. The 
most critical test routines test the pattern sensitivity of 
selected memory cells by performing memory accesses on 
surrounding cells, and monitoring the selected cells. Changes 
in the data stored in the monitored cell will reveal any sen- 
Sitivities that the cells may have. 

A total of eighteen address bits are needed to decode 
the one of 262,144 (256K) memory locations. The addresses 
are multiplexed as nine row addresses (latched by the fall- 
ing edge of RAS) and nine column addresses (latched by the 
falling edge of CAS); which decode one of 512 rows or one 
of 512 columns, respectively. The nine addresses (A0-A8) 
appear on the pinout of the 256K in Figure 2(a), and are com- 
patible with previous generation 64K DRAM devices. The 

‘ only difference is the addition of the ninth address on pin 
1 for the 256K device which was a no connect on 64K 
devices. 


INTERNAL ADDRESS WEIGHTING 


A closer examination of the internal addressing scheme 
reveals that the external pin address names do not corres- 
pond with internal address weightings. This is not relevant 
to system operations since the address translation will be 
transparent; however, testing for memory cell pattern sen- 
sitivity depends on true address weighting. This is necessary 
so that actual adjacent and diagonal memory cells will be 
exercised when monitoring a selected memory cell for pat- 
tern sensitivities. Tables I and II indicate the true row and 
column addresses as a function of the external address names. 
It is important to note that the respective row and column 
internal addresses do not correspond to the same external 
address pin names. 


Table I. Row Address Weightings 


Desired Row Weight : TMS4256 
Address : 








Table If. Column Address Weightings 


TMS4256 


Dasirad Column 


Address WieigBt 


Since the external address names (A0-A8) correspond 
to different relative row and column address weights, the 


following multiplex configuration will simplify address 
decoding for the 256K DRAMs (Figure 1). 





Figure 1. 256K DRAM Row and Column Multiplexer 


CELL NEIGHBOR DEFINITION 


With the internal address weights having been deter- 
mined, the actual memory array layout must be examined 
to determine which memory cells are near and_ nearest 
neighbors to a given monitored memory cell. Figure 2 
represents the steps of transition from the device package 
to the actual memory cell topology. Figure 2(a) is a represen- 
tation of the TMS4256 or TMS4257 within the package, and 
Figure 2(b) is a photograph showing the major functional 
blocks of the 256K DRAM. The bit map of the memory ar- 


9-55 


lo Applications Information 





& uoHeWUOsU] SUOHeoyddy 


ray is shown in Figure 2(c), while the actual cell topology 
for a portion of the upper and lower memory arrays are 
shown in Figure 2(d). From the topology (Figure 2d), there 
are four possible cell orientations which are dependent upon 
the row location of the monitored memory cell. The four 
memory cells outlined in Figure 2(d) indicate the four 
possible orientations that can occur (they are located in four 


separate rows). This fundamental set of cell orientations is 


repeated sequentially throughout the memory array. Using 
Figures 3(a) — 3(d) it can seen that there will be a total of 
3 nearest neighbors and 9 near neighbors for each of the four 
orientations. In the figures, the cell marked with an X 


represents the cell of interest, the dark shaded cells are the 
nearest neighbors, and the light shaded cells represent the 
near neighbors. : 

Let (R,C) represent any cell location where R= row 
and C =column. The following simple routine can be utiliz- 
ed to develop an algorithm which calculates the nearest and 


_ near neighbors to the monitored memory cell. Simply take 


the row number of the monitored memory cell and divide 
it by four (R/4); the remainder from this calculation can be 
used to qualify four sets of algorithms pertaining to four sets 
of rows. Alternately, RAO and RA1 may be used to deter- 
mine the neighbors as indicated in the following routine. 


Row= 0,4,8,...1FC 1,5,9,...1FD 2,6,A,...1FE 3,7,B,...1FF 
RAO=0 RAO=1 RAO=0 RAO=1 
RA1=0 RA1=0 RAI=1 RAI=1 
Remainder 
of R/4 = 0 1 2 3 
NEAREST NEIGHBOR 
R+1,C-1 R-2,C+0 R-2,C+0 R-1,C+0 
R+1,C+0 R-1,C+0 R+1,C+0 R-1,C+1 
R+2,C+0 R-1,C+1 R+1,C-1 R+2,C+0 
_ NEAR NEIGHBOR 
R-2,C+0 R-3,C+0 R-2,C-1 R-3,C+0 
R-1,C-1 R-3,C+1 R-2,C+1 R-3,C+1 
R-1,C+0 R-2,C-1 R-1,C-1 R-2,C+0_ 
R+0,C-1 R-2,C+1 R-1,C+0 R+0,C-1 
R+0,C+1 R+0,C-1 R+0,C-1 R+0,C+1 
R+2,C-1 R+0,C+1 R+0,C+1 R+1,C+0 
R+2,C+1 R+1,C+0 R+2,C+0 R+1,C+1 
R+3,C-1 R+1,C+1 R+3,C-1 R+2,C-1 
R+3,C+0. R+2,C+0 R+3,C+0 R+2,C+1 
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Figure 2(a). 256K DRAM Pinout Figure 2(b). Functional Organization 
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Figure 2(d). Upper and Lower Array Cell Topology 
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Figure 3. Near and Nearest Neighbors as a Function of Row 


The algorithm for determination of nearest and near 
neighbors is dependent upon which of the four possible 
groups of rows the monitored cell is located (there is no col- 
umn dependence). The lower half of the memory array mir- 
rors that of the upper half; notice that the positive sequence 
of the row count proceeds from the bottom to the top in the 


lower half of the memory array. Consequently, the memory 


cell lay-out as shown in Figure 2(d) uses the above algorithms 
for both halves of the memory array. 


INTERNAL DATA INVERSION 


The data in the memory array is stored such that half 
of the cells are complemented with respect to the data input. 
The cells that store data in.this inverted form are found in 


’ the odd rows; however, the internal data inversion is 


transparent to the device user as it is restored to a true state 
when read. As a result, the least significant row address 
(RAO) selects between true and complement data. The cir- 
cuit shown in Figure 4 will provide the necessary data con- 
version if it is desired to compensate for the internal data 
inversion within the memory array. 
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Figure 4. Circuit to Compensate for Internal Data 
Inversion 


COMMON BIT SENSITIVITY 


In order to allow the same basic memory design to im- 
plement nibble mode or x4 organization, there are actually 
four memory locations accessed during a single memory ac- 
cess cycle. The four data bits accessed are decoded by the 
most significant row and least significant column addresses 
(RA8 and CAO). RA8 selects between the upper and lower 


halves of the memory array, while CAO selects between ad- 
jacent bit lines. As a result, an algorithm can be developed 
which calculates the other three memory locations accessed 
based on the position of a given memory location. This 
algorithm is as follows assuming the memory location (R,C) 
as the base location: 


CAO = 0 1 0 1 
RA8 = 0 0 1 1 


MEMORY ALGORITHMS 


R+0,C+1 R+0,C-1t R-256,C +0 R—-256,C—1 
R+256,C +0 R+256,C—1 R-256,C +1 R-256,C +0 
R+256,C +1 R+256,C +0 R+0,C+1 R+0,C-1 


WORD LINE SENSITIVITY 


Further examination of the layout of the 256K 
(TMS4256) reveals that internally the word lines are in non- 
sequential order (0,1,3,2,...). To properly test for any word 
line to word line sensitivities that may occur, the testing 
routine must account for the non-sequential nature of the 
word lines. The same formula introduced earlier can be utiliz- 
ed to develop the algorithms for the adjacent word lines to 
the monitored word line (R=row). These algorithms will 


again be a function of the two least significant row addresses c 
(RAO and RA1) or the remainder of the current row divided a) 
by four. os 
E 

Row = 0,4,8,...,1FC 1,5,9,...,1FD 2,6,A,...,1FE 3,7,B,..., 1 FF o 

RAO=0 RAO=1 RAO=0 RAO=1 = 

RA1=0 RA1=0 RA1=1 RA1L=1 — 

Remainder 2 

of R/4 = 0 1 2 3 i) 

3 

Adjacent R-2 - R-1 R+1 R-2 aS) 

Rows R+1 R+2 R+2 R-1 a 

Q. 

x 
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TMS4464 Topology 


INTRODUCTION 


In order to effectively test the interaction between individual 
cells in the TMS4464, it is necessary to have a knowledge 
of the memory array organization and cell topology. Cell 
sensitivity can be tested by accessing surrounding cells and 
monitoring the selected cell for changes in the stored data. 

Sixteen address bits are needed to decode 1 of 65,536 
memory locations. Eight row address bits are set up on pins 
AO through A7 and latched by the falling edge of RAS. Then 
eight column-address bits are set up on pins AO through A7 
and latched by the falling edge of CAS. Data to or from 
memory is presented in 4-bit wide words, which must be 
taken into consideration when developing algorithms for cell 
sensitivity tests. 

This report presents the pinout of the TMS4464, a bit 
map of the array showing the cell topology, formulas for 
finding ‘‘near’’ and ‘‘nearest’’ neighbor cells, a circuit for 
compensating for internal data inversion, and formulas for 
testing word line sensitivity.* 

Table 1 shows the true address bit significance for both 
row and column addressing. This information along with 
Figure 1(c) can be used to write various data patterns to the 
array. 


CELL NEIGHBOR DEFINITION 


Figure 1 depicts a step-by-step magnification of the 
TMS4464 from a view of the package to a closeup of the 
array topology. Figure 1(a) shows the chip pinout and Figure 
1(b) is a photograph showing the major functional blocks 
of the device. The bit map of the memory array is shown 


* Throughout the text of this report, the terms DQI-DQ4 and databit 
1-databit 4 are used synonymously. In actuality, DQI-DQ4 refer to the 
external pins of the TMS4464 and databit 1-databit 4 refer to the internal 
bits accessed. 


in Figure 1(c) while the actual cell topology for three portions 
of the array are shown in Figure 1(d). Note that the address 
of cells labeled in Figure 1(c) show (R,CD), where R is the 
internal row address and CD is the internal column/databit 
address of the cell. t Figure 1(d) best illustrates the location 
of each of the four databits. 

Due to the folded bit line approach used in this memory 
array, cells shown to be horizontally adjacent in Figure 1(d) 
are actually paired so as to map to the same column/databit 
(CD). For example, cell (0,0) is shown in Figure 1(d) to be 
horizontally adjacent to cell (1,0). However, both are 
addressed in column/databit 0 (CD 0; column 0, databit 2). 
Likewise, cells (0,1) and (1,1) are both in column/databit 
1 (CD 1; column 0, databit 4). All four of these cells, along 
with the mirrored cells in the lower half of the array 
corresponding to databits 1 and 3, are contained in column 
address 0. (Note that column address 0 addresses all cells 
referenced by CD 0 and CD 1.) In summary, a column 
address selects four databits and each databit is comprised 
of two horizontally adjacent cell arrays. Based on this 
addressing sequence, it can be seen that four unique cell 
orientations exist for each column/databit (CD) 
corresponding to four separate rows. The four orientations 
are shown by the outlined box in Figure 1(d). In this 
particular case the four rows are rows 4, 5, 6, and 7; 
however, this fundamental cell orientation is repeated 
throughout the memory array and is related, as shown in 
Figure 2, to row addresses 0 and 1 (RAO and RAI). 


+ The column/databit addresses are not the same as the column addresses 
but rather increment twice as fast. To convert from column/databit to column 
address, divide the column/databit by two. The resulting integer is the actual 
column address. In order to determine the actual databit, take the remainder 
of the division and multiply it by two. This result is scaled depending on 
the location of the cell. If it is located in the upper half of the array, add 
two to the result; if it is found in the lower half of the array, add one to 
the result. This final sum is the databit in question. 


Table 1. Address Weightings 


Desired Column Desired Row 
: Address Address 
CA7 RA7 





Weight 


TMS4464 
A7 
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Figure 2 depicts the four possible cell orientations based 
on the row location of a selected cell. The boxes better show 
the selected cell orientation as it refers to the boxed area in 
Figure 1(d). Cells that surround any one given cell are called 
neighboring cells or neighbors, and are considered here for 
their degree of influence. As shown, there will be a total 
of 3 ‘‘nearest’’ neighbors and 9 ‘‘near’’ neighbors for each 
of the four orientations. In the figure, the cell marked with 
the X represents the monitored cell, the dark shaded cells 
are the nearest neighbors, and the light shaded cells represent 
DATASBIT X 


DATABIT Y DATAB:T Y 
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(c) ROW = 2,6,A,. . .,OFE 


the near neighbors. Near neighbors have a lesser degree of 
influence on the selected cell than do nearest neighbors. It 
should be noted here that one of the three nearest neighbors 
to a selected cell will always fall in an adjacent databit. If 
the selected cell is in databit 1 (DQ1), the adjacent databit 
will be DQ3 and a nearest neighbor will be located there. 
If the selected cell resides in DQ2, then one nearest neighbor 
will be in DQ4. A monitored cell in DQ3 will find a nearest 
neighbor in DQ], and a monitored cell in DQ4 will have 
a nearest neighbor in DQ2. Further examples are shown in 
Appendix A. 


DATABIT Y DATABIT X DATABIT Y 
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(b) ROW = 1,5,9,. . ..OFD 


DATABIT X DATABIT Y 


DATABIT Y 
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_ (d) ROW = 3,7,B,. . .,OFF 
Figure 2. Near and Nearest Neighbors as a Function of Row 
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The formulas for finding the near and nearest neighbors 
are given below. The row address of the selected cell is 
divided by four (R/4) and the remainder of this calculation 
is used to qualify four sets of equations pertaining to the four 
rows in each orientation. An alternate method of using RAO 
and RA1 to qualify the set is also shown. 


R = ROW ADDRESS 


As can be seen by Figure 1(c), the lower half of the 
memory array mirrors that of the upper half. Note the 
positive sequence of the row count from bottom to top in 
the lower half of the array. Figure 1(d) illustrates the location 
of the four databits accessed during a read or write operation, 


two in the upper array and two in the mirrored lower array. 


Let (R,CD) represent any cell location where 


ADDRESS. 


Remainder 


Row= 


of R/4= 


WORD LINE SENSITIVITY 


As can be deduced from the topology, the word lines 
of the TMS4464 are in nonsequential order (0, 1, 3, 2,...). 
In order to test for word line to word line sensitivity, this 


0,4,8,...,0FC 
RAO=0 
RA1=0 


R+1,CD-1 
R+1,CD+0 
R+2,CD+0 


R-2,CD+0 
R-1,CD-1 
R-1,CD+0 
R+0,CD—-1 
R+0,CD+1 
R+2,CD-1 
R+2,CD+1 
R+3,CD-1 
R+3,CD+0 


and CD = COLUMN/DATABIT 


1,5,9,...,0FD 2,6,A,...,0FE 3,7,B,...,OFF 
RAO=1 RA0=0 RAO=1 
RA1=0 RAI=1 RA1=1 
1 2 3 
NEAREST NEIGHBOR 
R-2,CD+0 R-2,CD+0 R-1,CD+0 
R-1,CD+0 R+1,CD+0 R-1,CD+1 
R-1,CD+1 R+1,CD-1 R+2,CD+0 
NEAR NEIGHBOR 
R-3,CD+0 R-2,CD-1 R-3,CD+0 
R-3,CD+1 R-2,CD+1 R-3,CD+1 
R-2,CD-—1 R-1,CD-1 R-2,CD+0 
R-2,CD+1 R-1,CD+0 R+0,CD—1 
R+0,CD-1 R+0,CD—1 R+0,CD+1 
R+0,CD+1 R+0,CD+1 R+1,CD+0 
R+1,CD+0 R+2,CD+0 R+1,CD+1 
R+1,CD+1 R+3,CD-1 R+2,CD-1 
R+2,CD+0 R+3,CD+0 R+2,CD+1 


earlier in the description of near and nearest neighbors can 

be utilized here to find the adjacent word lines to a monitored 

word line. Each equation is a function of the two least 

significant row addresses (RAO and RAI) or the remainder 
* of the current row divided by four (R=row). 


fact must be taken into consideration. The formulas shown 


Remainder 
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Row= 


of R/4= 


Adjacent 
Rows 


0,4,8,...,0FC 
RA0=0 
RA1=0 


‘2,6,A,...,0FE 


1,5,9,...,0FD 3,7,B,...,0FF 
~ RAO=1 RAO=0 RAO=1 
RA1=0 RAI=1 RAI=1 
1 2 3° 
R-1 R+1 R-2 
R+2 R+2 R-1 


INTERNAL DATA INVERSION 


Data is stored in the memory array such that half the 
cells are complemented with respect to the input data. The 
odd rows contain inverted data, while the even rows store 
the data in its true form. The inverted data is restored to a 
true state when read, making the inversion transparent to the 
user. The least significant row address selects between the 
true and complemented forms. Figure 3 shows a circuit to 


OUTPUT ENABLE 


SYSTEM 
DATABUS 


LATCHED 
ROW 
ADDRESS 


RAO 


compensate for the internal data inversion within the memory 
array. 

When row address 0 is low, the true data form is 
accessed and data is passed without inversion. When row 
address 0 is high, the inverted form is accessed and data is 
inverted as it is written to or read from the memory. Also, 
the 74LS241 remains ready to write data to the TMS4464 
until G goes low. When this occurs, data is transferred from 
the TMS4464 to the system databus for read operations. 





TMS4464 


Figure 3. Circuit to Compensate for Internal Data Inversion 
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The two examples below use the formulas given in this report to find the nine near and three nearest neighbors to a 
selected cell. In order to illustrate the difference between column addresses and column/databit addresses, locations for the 


APPENDIX A 


neighboring cells are stated using both notations. 


The set of equations used will be determined by the selected row address (refer back to the listed equations on page 
4 of the text). The equations to convert from column/databit (CD) to column address (Col) and from column address to 
column/databit are shown below. 


CD=(Col*2) +constant1 


where constantl =0 for DQ=1, DQ=2 
constant! =1 for DQ=3, DQ=4 


Col=INT[CD/2] 


DQ=(MOD[CD/2]*2) +constant2 


where constant2=1 for cell in lower half of array 
constant2=2 for cell in upper half of array 


In the examples, R=Row; C=Column,Col; CD=Column/Databit; DQ=Databit. 


Example 1: 
Row 
Col 


DQ 


5A 
F2 
4 


is equivalent to 


(DQ4 indicates that cell is located in upper half of array) 


Basic Formula 
R-2, CD+0 


R+1, CD+0 
R-1, CD+1 


R+3, CD+0 


NEAREST NEIGHBORS 
R,CD Format 


(R=58, CD=1E5) 
(R=5B, CD=1E5) 
(R=59, CD=1E6) 


NEAR NEIGHBORS 


(R=58, CD=154) 
(R=58, CD=1E6) 
(R=59, CD=1E4) 
(R=59, CD=1E5) 
(R=5A, CD=1E4) 
(R=5A, CD=1E6) 
(R=5C, CD=1E5) 
(R=5D, CD=1E4) 
(R=5D, CD=1E5) 


Row 


SA 


Column/Databit(CD) 1ES 


R,C,DQ Format 


(R=58, C=F2, DQ=4) 
(R=5B, C=F2, DQ=4) 
(R=59, C=F3, DQ=2) 


(R=58, C=F2, DQ=2) 
(R=58, C=F3, DQ=2) 
(R=59, C=F2, DQ=2) 
(R=59, C=F2, DQ=4) 
(R=5A, C=F2, DQ=2) 
(R=5A, C=F3, DQ=2) 
(R=5C, C=F2, DQ=4) 
(R=5D, C=F2, DQ=2) 
(R=5D, C=F2, DQ=4) 
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Example 2: 
Row AO 
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Col 
DQ 


46 
1 


is equivalent to 


(DQ1 indicates that cell is located in lower half of array) 


Basic Formula 


R+1,CD-1 
R+1, CD+0 
R+2, CD+0 


R-2, CD+0 
R-1, CD-1 
R-1, CD+0 
R+0, CD—-1 
R+0, CD+1 
R+2, CD—1 
R+2, CD+1 
R+3, CD-1 
R+3, CD+0 


NEAREST NEIGHBORS 
R,CD Format 


(R=Al, CD =8B) 
(R=Al, CD=8C) 
(R=A2, CD=8C) 


NEAR NEIGHBORS 


(R=9E, CD=8C) 
(R=9F, CD=8B) 
(R=9F, CD=8C) 
(R=A0, CD=8B) 
(R=A0, CD=8D) 
(R=A2, CD=8B) 
(R=A2, CD=8D) 
(R=A3, CD=8B) 
(R=A3, CD=8C) 


Row AO 
Column/Databit(CD) 8C 


R,C,DQ Format 


(R=Al, C=45, DQ =3) 
(R=Al1, C=46, DQ=1) 
(R=A2, C=46, DQ=1) 


(R=9E, C=46, DQ=1) 
(R=9F, C=45, DQ=3) 
(R=9F, C=46, DQ=1) 
(R=A0, C=45, DQ=3) 
(R=A0, C=46, DQ=3) 
(R=A2, C=45, DQ=3) 
(R=A2, C=46, DQ=3) 
(R=A3, C=45, DQ=3) 
(R=A3, C=46, DQ=1) 


Latchup Immunity of the HYCMOS EPROM Family 


CMOS technology provides N-Channel and P-channel MOS transistors as well as both NPN and PNP parasitic 
bipolar transitors. Figure 1 shows the HVCMOS process cross section illustrating the above mentioned devices. 


OUTPUT 


EPI 
LAYER 


LOW 
SHEET 
SUBSTRATE 






P-CHANNEL 


TRANSISTOR bagel at v NPN N-CHANNEL P+ 


TRANSISTOR 
BIPOLAR BIPOLAR 


FIGURE. 1. HVCMOS PROCESS CROSS SECTION 


TI's HVCMOS family will drive full CMOS output levels due to the complimentary output driver configuration 
(N-channel pull down device and P-channel pull up device). This means that the system has direct access to 
the emitters of both parasitic bipolars via the output pins and access to the NPN parasitic bipolar emitter via 
the input pins. Figure 2 shows the equivalent parasitic SCR of the input pin. Figure 3 illustrates the output pin. 







Vec Vcc 
RNTANK OUTPUT 
VERTICAL | VERTICAL 
PNP PNP 
LATERAL LATERAL 
teen NPN 
INPUT ” 
PIN PSUB 
Vss 
FIGURE 2. INPUT PIN FIGURE 3. INPUT PIN 
PARASITIC SCR PARASITIC SCR 


The HVCMOS process and circuit design combine to offer significant improvements in system immunity: 


—The EPI substrate material lowers Rpsup and is primarily responsible for holding off the lateral 
NPN device. 


—Full Vcc tank and Vss substrate guardrings on inputs and outputs lower the critical base 
resistors RNTANK and Rpsus. This helps hold off the parasitic PNP and NPN respectively. 


— Maximum horizontal spacing from the emitter of the NPN to the vertical PNP (NPN base width) 


on ail input and output pins minimizes the gain of the lateral NPN. 


System latchup immunity on the Tl HVCMGS EPROM family is a minimum of 250 mA on all input 
and output pins. This provides latchup immunity well beyond any potential current/voltage transients 
at the P.C. board level when the EPROM is interfaced to industry standard TTL or MOS logic devices. 
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TTL Drivers for the TMS4416-15 


Some form of driver circuitry is needed when DRAMs are 
used with processors, such as the Z-80 or Z-8000. One 
possible solution involves the use of a precision delay line; 
however, a more cost-effective and efficient approach uses 
TTL devices as drivers. Two versions of TTL driver circuits 
are shown in Figures 1 and 2. The first figure shows the drive 
circuit for a memory array using TMS4416-15 DRAMs and 
the Z-80 processor; Figure 2 shows the same array 
configured for use with the Z-8000 processor. Both circuits 
are designed to drive 256K bytes of memory arranged in 
either 8- or 16-bit words. They provide all DRAM control 
signals, address multiplexing, and refresh address generation. 
The circuits shown for the Z-80 and the Z-8000 use the 
hidden refresh provided by these devices so that 
refresh/access arbitration is not necessary. Time delays were 
selected to provide maximum performance from the 
TMS4416-15 with off-the-shelf components. (Enhanced 
operation could be obtained by hand selecting components 
for single applications.) A comparison of the two circuits 
will reveal the differences between the two. The following 
description applies to both circuits. 

The memory array is arranged as 4 banks of 8 
TMS4416s. Two TBP18S030 PROMs decode and generate 
the control signals for the drive circuit. BAO and BAI are 
used to select which bank of memory will be accessed. 
MREQ and ACCESS are NORed and then delayed by 3 
inverters to provide a CAS signal. The MUX signal that is 
used to switch the 748153 multiplexers and propagate the 
column address to the memories is taken from the output of 
the first inverter in the CAS delay. CAS is connected to all 
the devices in the array. (Since RAS acts as a chip enable, 
CAS will only activate the memories in the bank that has 
RAS active; this keeps the power consumption of the array 
lower than using CAS as select logic.) Two CAS drivers are 
used to reduce the effects of the capacitive load of the DRAM 
CAS inputs. (This also improves drive characteristics and 
reduces noise.) Series damping resistors have been added 
to reduce ringing on the address lines. These resistors should 
be between 15 and 68 ohms, depending on the circuit board 
layout, and can be determined by examining the address 


waveforms with an oscilloscope and selecting a value that 
produces the cleanest signal. The desired 8- or 16-bit data 
word from the active bank is selected using RO, R1, and the 
READ line. RO and R1 can be address lines from the Z-8001 


or they can be generated from memory mapping logic. If . 


the READ input is low during an access cycle, the output 
enable of the TMS4416 will be activated (RDA-RDD); a high 
input to READ will select a write output (WRA-WRD). 
Using this matrix, the memory can be divided into sixteen 
16K x 8 oreight 16K x 16 blocks. The desired word width 
of the data output will be dependent on the microprocessor 
being used. For an 8-bit data bus the two data busses shown 
in the diagram would be connected in parallel. Since the Z-80 
only directly accesses 64K of memory, bank select logic must 
be included in this memory system to provide higher order 
address lines. The design of the bank select circuitry has been 
left up to the user, but might include memory mapping or 
other logic. 

An external refresh counter has been added to the drive 
circuit for the Z-80 since the Z-80 internal refresh counter 
does not support 256 cycle refresh. (Application Brief DR-7 
shows a circuit to add the extra refresh address bits similar 
to the implementation used here.) As the Z-8000 provides 
9-refresh-address bits, its internal refresh counter was used. 

A description of the signals used in both circuits 
previously illustrated is given in Table 1. Due to slight 
differences in the signals available from the Z-80 and Z-8000 














‘processors, a slight modification of the interface between the 


processor and the TTL drive circuits shown will be required. 
The differences in the interface are shown in Figure 3. The 
DS signal is generated from the Z-80’s RD and WR lines. 
The B/W input should be tied to a 5-10 kilohm pullup 
resistor. The RFSH signal can be decoded from the status 
lines of the Z-8000 as shown with the 748138; however, it 
could also be done with other types of logic if desired. The 
address of the Z-8000A is only guaranteed valid for 35 ns 
so the address latches are necessary when using DRAMs with 
this microprocessor. MREQ is used to enable the 74LS373 
transparent latches for both memory accesses and refresh 
cycles. , 
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Table 1. Signal Description 


SIGNAL NAME DESCRIPTION 


From the Z-80 or Z-8000, indicates address valid 


Address for RAS selection, decoded from high order addresses 


Board select to designate DRAM access, decoded from high order addresses 


Z-80 output or decoded from the Z-8000 status outputs. Signals a refresh cycle 
Z-8000 output indicating data valid on the multiplexed address/data lines 
Address for read or write selection, decoded from high order addresses 

If low, indicates a memory read and if high, indicates a memory write 

Indicates if the Z-8000 is doing a 8- or 16-bit memory access 


A0-A15 Z-80 address outputs 





ADO-AD15 Z-8000 multiplexed address/data lines 




















2-80 . Z-8000 
RD =. 
pre DS DS 
wo }—ss 
74S08 
BANKSELO RO AO RO 
BANKSEL1. —————————. R_1 BANKSELO R1 
RS —________ FEB am ——[>o—— ex 
74804 
Veo ——_ww——_— B/W BIW B/W 
5 ka 
BANKSEL2 BAO BANKSEL1 ———-_————_ BAO 
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Figure 3. Interface Circuitry Differences 
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Tables 2 and 3 list the data for the PROMS to provide are many ways to provide the necessary control signals for 
the control signals. Both the binary and hexadecimal DRAMs, the drive circuits described will provide insight into 
programming data have been supplied. the control logic that is necessary to use dynamic RAMs. 

The TTL drive circuits previously described allow the TTL circuitry was selected in order to avoid the cost of a 
TMS4416-15 to operate at maximum speed. Although there precision delay line. 


Table 2. PROM A Program 


oN A3 A2 Al AO D7 D6 D5 D4 D3 
- NAME 
FIGURE RFSH: = E BA1 _— BAO RASO RAST  RASZ AAS3 ACCESS 
NAME 
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Table 3. PROM B Program 


PIN ~ 

G A2 A1 AO D D6 D D4 D3 D2 D1 DO 
NAME A3 7 5 
aerte DS B READ R1 = RO RDA RDB RDC RDD WRA WRB WRC WRD 
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TM4164EC4 Provides High-Density Memory Array 


MOS Memory 
Applications Engineering 


This Application Report illustrates the use of the 
TM4164EC4 (64K x4) Memory Module with the 
TMS4500A DRAM Controller (see Figure 1). The descrip- 
tion of a memory board using both devices will be given 
along with full schematics, edge connector pinout, and signal 
description. An interface to the Intel 8086 microprocessor 
is also provided as a typical application. 


BOARD DESCRIPTION 


Designed by Texas Instruments to demonstrate the 
TM4164EC4 in a system environment, the board provides 
a flexible, high-density memory array which is adaptable to 
most applications. 


The board uses one TMS4500A and eight 
TM4164EC4s for 256K bytes of dynamic RAM memory on 
a 3.25 inch x4.5 inch card. The TMS4500A gives the board 
a static appearance in the system, providing many of the 
necessary timing and control signals to the DRAM array. 
Each TM4164EC4 is comprised of four TMS4164 plasitic- 
leaded-chip-carriers and two ceramic chip capacitors, that 
are surface mounted on a PC substrate to form a single-in- 
line package (SIP).! The cost savings that can be realized 
with SIPs include reduced PC board size, fewer plated- 
through-holes, and the elimination of bypass capacitors on 
the motherboard. 

The TM4164EC4 SIPs are mounted on 0.350 inch 
centers, and occupy 6.16 square inches. of board area 


See Appendix A. 





Figure 1. TM4164EC4/TMS4500A Memory Board 
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[8 x 0.350 x2.2 inches (TM4164EC4 length)], for a densi- 


ty of greater than five memory devices per square inch. This . 


is approximately a 2X density improvement with respect to 
DIPs. The TM4164EC4s can be mounted on centers as nar- 
row as 0.200 inches if adequate cooling is provided. This 
would give a density of greater than nine memory devices 
per square inch or approximately a 3.5X improvement over 
DIPs for the above array. 

The equivalent DIP implementation of the TM4164EC4 
would require 68 plated-through-holes (four 16-pin packages 
and two, 2-lead capacitors) as opposed to the 22 required 
for a single TM4164EC4. The large number of plated- 
through-holes increase board cost and reduce the available 
PC board area for trace routing often requiring an increase 
in the number of board layers. 

The on board capacitors eliminate the need for bypass- 
ing on the motherboard and offer superior performance over 
equivalent leaded capacitors due to the reduced lead 
inductance. 

While the TMS4500A gives the board a static 
appearance and the TM4164EC4 provides a high-density 
memory array, the interconnect bus gives the board flex- 
ibility. All the signals necessary to provide for 8- or 16-bit 
operation, separate or common I/O, and internal or exter- 
nal memory refresh along with the address and control lines 
for the TMS4500A are brought to the board edge. 


MEMORY ORGANIZATION 


The memory is organized as two banks of 128K bytes, 
accessible in byte or word format (word = 16 bits). Each 
row is selected by RASO or RAS1 (see Figure 2) to provide 
16 bits of available data. The 16 bits of data are then read 
or written in byte or word format by controlling the upper 


-and lower CAS and WR signals (UCAS, CCAS, UWR, and 


LWR). The lower byte of data corresponds to DO-D7 and 
QO0-Q7, while upper data corresponds to'D8-D15 and 
Q8-Q15. It is necessary to organize the memory as such to 
provide operation with 16-bit microprocessors that do both 
byte and word accesses. For microprocessors with 8-bit data 
busses, DO-D7 and QO-Q7 are tied to D8-D15 and Q8-Q15, 
respectively. The CAS and WR signals are then used to 
multiplex and demultiplex the data onto and from the 
microprocessor data bus. 
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D8-D15 
08-015 


DO-D7 
Q0-Q7 


TMS4500A 
U1 





CCAS LWR UCAS UWR 
Figure 2. Block Diagram 


Table I. Pin Nomenclature 


AO-A15 Address Inputs 

ACR Access Control, Read 
ACW Access Control, Write 
ALE Address Latch Enable 
BRDEN Board Enable 

CAS Column Address Strobe 
CLK Clock Input 

DO-D15 Data In 

FSO Frequency Select 0 

FS1 Frequency Select 1. 


GND Ground 


LCAS Lower CAS 

LWR Lower Write 
REFREG Refresh Request 
REN1 RAS Enable 1 
RDY Ready 

qQo-a1i5 . » Data Out 

TWST Timing/Wait Strap 
UCAS Upper CAS 

Uwr Upper Write 

+5 +5 Volts 





BOARD OPERATION 


As mentioned earlier the board provides a 16-bit data 
bus with separate data-in and data-out connections (see 
Figure 3). This allows the board to be configured for com- 
mon (D0-D15 tied to Q0-Q15) or separate input/output (I/O). 
Notice that corresponding D and Q lines are located across 
from each other for easy interconnection (see Table II). Com- 
mon I/O operation requires the memory array to be access- 
ed in the early-write mode (WR low prior to CAS). The 
board provides flexible control of the memory array by bring- 
ing CAS from the TMS4500A to the board edge allowisg 
it to be combined with external logic to derive the 
and LCAS signals. If desired the CAS signal from the 


a 
< 


ry 


TMS4500A can directly drive the memory array by connec- 
ting CAS to UCAS and LCAS via jumpers J1 and J2. This 
type of configuration necessitates the use of LWR and UWR 
to control access to the memory array on write cycles. Also, 
all 16 bits of data will be active on a read cycle for both byte 
and word accesses. All the necessary signals needed to in- 
terface to the TMS4500A have been brought to the board 
edge. Notice that the binary weighting on the memory ad- 
dress outputs of the TMS4500A do not correspond to that 
of the TM4164EC4 memory addresses. This does not in any 
way affect the operation of the board as the TM4164EC4s 
are random-access devices. This configuration was chosen 
to simplify the board layout. Table III gives the relationship 
between the TMS4500A and TM4164EC4 addresses. 
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Figure 3. Board Schematic 
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Table II. Address Relationship 


TMS4500A TM4161EC4 
A4 ; 


Al 
A2 
AO 


A6 
A3 
AS 
A7 





8086 INTERFACE 


The circuit is designed to operate with a 5 MHz 8086 


- in the maximum mode configuration without memory wait 


states (see Figure 4). The memory interface is simplified by 
configuring the memory for early write operation, which 
allows corresponding D and Q lines to be tied together for 
common I/O operation (see Table Il). The board select logic 
is derived from addresses A18 and A19 and mapped via a 
748139 at address locations 40000-7FFFF hex (256K bytes). 
Address A17 is connected to REN1 of the TMS4500A to 
defferentiate between the two banks of memory (REN1 =0, 
selects RASO; REN1 = 1, selects RAS1). To provide for byte 
accesses, ADO and BHE are combined with other logic to 
a necessary upper and lower CAS signals (UCAS and 
). The 8284 is strapped for asynchronous ready opera- 
tion to provide sufficient CAS access time on access-grant 
cycles. See the TMS4500A Users Manual for details of the 
TMS4500A operation. The AMWC and MRDC signals from 
the 8288 are used to derive ALE and ACR which initiates — 
memory-access cycles. AMWC and MRDC are used instead 
of ALE from the 8288 to allow sufficient row address setup 
time to the memory (the row addresses are delayed by two 
propagation delays, 74LS373, and TMS4500A). This signal 
is also fed into the input of a 74S74 to be synchronized with 
the rising edge of CLK (see Figure 5). The output of the 
74874 is then combined with ADO and BHE and CAS to form 
the upper and lower CAS signals. Synchronizing ALE of 
the TMS4500A with CLK ensures data valid at the memory 








before the falling edge of UCAS and CCAS (necessary for 
early write operation). The UWR and LWR signals are 
driven by AMWC to guarantee them to be valid before 
UCAS and LCAS low. AMWC is buffered to drive the 32 
DRAMs. 

This Application Report has illustrated the use of the 
TMS4500A and TM4164EC4 for a flexible, high-density 
memory array. The TMS4500A gives the board a static 
appearance, while the TM4164EC4 provides a density of 





greater than five memory devices per square inch. Higher 
densities can be obtained with narrower SIP spacings requir- 
ing adequate cooling. The 8086 interface provides a typical 
application and demonstrates the flexibility of the board. As 
circuit board designers strive to reduce board space and im- 
plement more functions on a board, the use of SIPs such as 
the TM4164EC4 will provide a vehicle by which this goal 
can be achieved. 





74LS245 
a MEMORY BOARD 


Figure 4. 8086 Interface 
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Figure 5. 8086 Interface Timing Diagram 


APPENDIX A 
'TM4164EC4 PIN OUT AND FUNCTIONAL BLOCK DIAGRAM 
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(TOP VIEW) 


Figure A-1. Pin Out Drawing 
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Figure A-2. Functional Block Diagram 
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~ JOINING TEXT AND 
GRAPHICS ENHANCES 
VIDEO PERFORMANCE 


A dual-port RAM with a built-in shift register eliminates 
bottlenecks and speeds data transfers. 


hy David W. Gulley 


Bit-mapped video graphics systems exemplify the 
need for higher density and higher performance 
semiconductor memories. Yet, all too often, these 
same memory devices are the bane of the system. 
The newest dynamic RAM devices, however, are al- 
lowing changes to the video graphics system organi- 
zation. Thus, they are eliminating redundant support 
logic circuitry and providing a flexible system en- 
vironment. , 
DRAMS, long associated with the frame buffer 
within the graphics section of a video system, pro- 
vide the highest density and lowest cost storage for 
memory-intensive displays. High resolution graphics 
systems, such as those used in engineering work- 
Stations and computer aided design/computer aided 
manufacturing (CAD/CAM) terminals, require 
multiple memory planes to achieve the color capa- 
bility necessary for a good user interface. In such 


David W. Gulley is manager of MOS memory systems 
engineering at Texas Instruments, PO Box 1443, 
MS690, Houston, TX 77001. He holds a Bs in 
electrical engineering from the Georgia Institute of 
Technology. 


a system, many parameters influence the available 
features while keeping the size and cost reasonable. 

Often, the video display system designer is forced 
into ‘‘make-do”’ solutions when deciding on value- 
added features, especially where display memory is 
involved. Some features are common to many 
designs, and directly relate to the acceptance of a 
design in the market. Features considered high pri- 
ority are the efficient integration of text and graph- 
ics, the time to redraw the screen image, the time 
to move objects onscreen, the amount of memory 
to map the display, and the support logic to use the 
memory effectively.” 


A typical video system contains separate text and . 


graphics controllers (Fig 1). Thus, the system proces- 
sor does not have to manipulate both the text dis- 
play list and the graphics bit-mapped image. This 
system has evolved from the earliest text-only ter- 
minals, where there were no graphics requirements. 
In early systems, display memory consisted of per- 
haps 2 Kbytes for the display list RAM and 2 Kbytes 
for the character ROM. The need to place graphics 
images onscreen was first addressed using character 
graphics. By deepening the character ROM or adding 
a RAM to the character-generation circuit, user- 
defined characters could be produced. 

To achieve more flexibility in image control, a bit- 
mapped memory is added into which the system can 
directly store images to be displayed. The mixed text 
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and graphics solution is really a patch to add graph- 
ics capability to table-driven systems. However, 
future system design will treat text and graphics uni- 
formly. New memory architectures are needed to 
make the transition to this type of system environ- 
ment. The TMS4161 multiport video RAM is one 
device able to ensure this by providing a design path 
to the development of unified bit-mapped text and 
graphics systems (Fig 2). 





Tracking the growth of video displays 

Currently, uniformity is not in general use. Video 
display evolution has moved in another direction. 
As higher resolution and multiple gray-level or color 
planes were added, the screen refresh required higher 
data rates from the memory, giving less time to the 
system processor for data management in the frame 
buffer. As the resolution (pixels/in.2) of the display 
increases by a factor of 2, the size of the display 
memory increases by 4, and the display interval for 
each pixel is reduced by a factor of 4. 

The availability of dense, low cost DRAMS 
allowed expansion to higher resolutions (from a 
memory chip cost standpoint), but the DRAM 
architecture (1 bit wide) increased the data bus traffic 
needed to refresh the screen image. Graphics system 
controllers were added to the system to isolate the 
large bandwidth display bus from the system bus. 
If this isolation had not occurred, system processor 
throughput would have been seriously degraded. The 


DATA BUS, 


PROCESSOR 
ADDRESS gered MULTIPLEXED ADDRESS 


CONTROL 


STORAGE 
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Fig 1 Mixed text and graphics 
systems, developed from simple 
text-only systems, have a lot of 
redundant circuitry. 


data bus would be clogged with data passing from 
the frame buffer to the display. 

The memory required for the frame buffer RAM 
is typically 10 (for black and white) to 40 (for 4 bits 
per pixel) times larger than the display list RAM in 
the mixed text system. Display data transferred to 
the screen loads the data bus so that there is con- 
siderably less time available to update the frame 
buffer memory than the display list RAM. Yet, since 
the nature of the data is single pixels, it requires more 
manipulating than display characters. More memory 
must then be accessed more often, and in less time. 
Hardware additions often implement many basic 
display functions, since there are not enough avail- 
able memory accesses for software to optimally 
update the RAM. 

The mixed video system consists of three memory 
subsystems, each containing a memory controller, 
memory logic, and glue logic. Glue logic also con- 
nects the controller to the system processor, and 
provides the required memory array drive. Each sub- 
system contains similar logic functions. Yet, the 
functions cannot be shared and still survive the data 
transfer bottleneck to the screen. Therefore, this is 
where DRAM features (actually, lack of features) 
have most influenced video system design. The many 
design approaches involving dedicated hardware 
control compensate for the limited accesses avail- 
able to the memory. These approaches have partially 
relieved bus contention problems. But, the cost has 


10 

= Fig 2 Unifying text and graphics 
eliminates redundancies. This 
results in faster and lower cost 


systems. 








been a loss of system flexibility and compatibility 
for effective system upgrade. Dedicated controllers 
tend to lock the system into a set of fixed commands, 
character fonts, and data structures. 

A high resolution (1024 x 1024 or 1280 x 1024) 
graphics display, as used in CAD systems, requires 
data from the refresh buffer at between 75 and 125 
MHz from each plane, dependent upon the actual 
display device (monitor) specification. This is inde- 
pendent of the graphics controller’s need to access 
the refresh buffer in order to update the image stored 
in memory. In the following analysis of system per- 
formance, a 1024 x 1024 noninterlaced display is 
used as a guide. Table 1 values describe the timings 
used in the analysis. Total frame time in Fig 3 con- 
sists of the active display interval, horizontal blank- 


ing interval (horizontal retrace), and the vertical . 


blanking interval (vertical retrace). 


A typical video system design 

The 88-MHz pixel data rate is in direct conflict 
with the need to update the memory quickly. The 
display refresh and the memory update must share 
the same data bus in the mixed text system. Updating 
the high resolution screen in a reasonable time frame 
requires some cycles to be available during the active 
display interval. A 1024 x 1024 display could be built 
using sixteen 64-Kbit DRAMs. But, even with the 
fastest parts, it is extremely difficult to get the video 
data rate required, and to be able to do useful screen 
image manipulations without reverting to a second 
(double) frame buffer. 

The TMS4416 16-K x 4 RAM provides the large 
video bandwidth required in-medium to high reso- 
lution video systems. Many systems that incorporate 
16-K x 4 RAMs use the previous generation of 
16-Kbit memories, and are using the x4 as a replace- 
ment for four 16-K parts. A wide-word architecture 
provides more data lines per depth of memory using 
standard DRAM access timing. Addressing four 
times as many bits per device simplifies the hard- 
ware needed to create the display frame buffer. 

Wide-word devices used within the frame buffer 
provide the width needed to achieve the necessary 
bandwidth for display (Fig 4). This brute force de- 
sign yields 64 data bits and requires a 64-bit shift 
register—all bits are loaded in parallel. The pixel 
clock is running at 88 MHz. So and S!1 control the 
loading and shifting of the register. This approach 
contains the advantage of data access interleaving, 
first an interval for the processor access, and then 
an interval for the display access to the memory. It 
is more easily designed and manufactured than a 
similar approach using 16-K x 1 devices, and is much 
more reliable due to component and power reduc- 
tions. The disadvantage is that there must be a way 
to buffer the data bus in order to convert from the 


TABLE 1 . 
Display Parameters 


88.00 MHz 












Pixel clock frequency 









Pixels per scan line 1380 - 
Lines per frame 1063 
Displayed pixels per scan line 1024 
Displayed lines 1024 
Horizontal blanking interval 4.05 us 
Vertical blanking interval 611.60 us 






Pixel time 11.36 ns 





64-bit wide video section to the 16-bit wide system 
processor. In this design, a 64 to 16 multiplexer 
serves this function. ; 

In the TMS4416 implementation of this circuit, 
there is one access available to the graphics controller 
for each display cycle. There are no highly critical 
access timings for the 16-K x 4, as the 64-bit shift 
register is loaded once each 727 ns (64 times 11.36 
ns), and processor timing is assumed to be tightly 
coupled to the video shift rates. The storage cell 
refresh required by the DRAM is satisfied by read- 
ing across the memory chip rows for display accesses, 
and therefore does not require any additional logic 
or control. Even with all the data lines needed to 
connect the 64-bit shift register, this design runs at 
the top of its capability. If more flexible and higher 
performance systems are needed, the x4 RAM is not 
appropriate. 

Many earlier high end video systems used the dou- 
ble buffer technique to avoid contention problems 


<<. 1380 PIXELS -————_—_-—-> 


|< 1024 —————_> |«—-356 
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Fig 3. In a high resolution video display, the total frame 
time is the sum of active display time, and horizontal and 
vertical blanking intervals. 
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SIXTEEN 16-K x 4 DEVICES 


64-BiT SHIFT REGISTER 


between the graphics controller and the display 
refresh. In this scheme, two display frame buffers 
are used—one provides information for the display, 
the other is available to the graphics controller for 
updates. When the new drawing is complete, the sys- 
tem switches the function of the two buffers. Though 
this allows more interaction with the memory, it is 
at the expense of doubling the memory requirement. 
Also, when the buffers are switched, the graphics 
controller does not have a copy of the most recently 
available data image. In many systems, a form of 
DMA copies the data from one buffer to the other, 
effectively cutting the time available to the controller 
in half. Again, the system suffers from the lack of 
capability within DRAMs. 


New systems are designed to be as functional to 


the end user as possible. The system must be flexi- 
ble, tailored to individual needs, compatible with sys- 
tems currently in use, and cost effective. Most new 
systems support multiple windows in order to display 
several simultaneous functions, and allow data 
manipulation within one window without affecting 
the contents of another window. But, there is a need 
to mix text and graphics information within a 
window. 

Hardware control requires a large investment in 
design and components within the video system. New 
system architectures are needed to remove the dis- 
play data-transfer bottleneck, eliminate redundant 
logic functions, and improve the system flexibility 
to conform to individual needs. Just as the indus- 
trial controller has progressed from a collection of 
SSI devices, to MSI, and now to single-chip proces- 
sors, the video system control functions are moving 
from multiple subsystems to-dedicated, optimized 
components. 


Meeting the demands 

The TMS4161 multiport video RAM remedies these 
problems by combining a standard 64-K x 1 DRAM 
with a 256-bit shift register, and the necessary con- 
trols to transfer data between the memory array and 
the shift register in a single package. By allowing 
simultaneous, asynchronous access to the two ports, 
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Fig 4 A brute force frame buffer 
design using wide-word memory 
devices provides interleaving of 


data accesses, and easier design and 
manufacturing compared with 
circuits using less dense memories. 





the video RAM allows the system processor and the 
display refresh to work independently. Thus, the 


- need for double buffering is removed, giving maxi- 


mum time for the system processor to access the 
memory. The memory array access of the video 
RAM conforms to the signal and timing require- 
ments of a standard DRAM. The onchip shift register 
supports high resolution data rates, and reduces 
video data shift logic and timing generation circuitry 
complexity. The shift register is configured as 4 
linked 64-bit shift registers, able to provide shift 
lengths of 64, 128, 192 or 256 bits. These features 
help meet primary design criteria, and yield enhanced 
features for the video system. 

‘The video RAM allows a more flexible approach 
to a video system design that eliminates mixed graph- 
ics approach patches. With the latter design, a bot- 
tleneck restricts data flow due to the single random 
access port on standard DRAM devices. Merging 
memory subsystems in a unified system substantially 
reduces design effort and cost. Redundant logic is 
eliminated by using the same functions for the video 
RAM as for system memory control. The logic re- 
quired for the DRAM and video control section is 
currently implemented using several programmable 
logic arrays and MSI circuits (Fig 5). These could be 
placed in a gate array or other custom device. 

The divider circuit is the only high speed device 
required, other than the external shift register, and 
provides the other logic with the appropriate timing 
signals. Not shown is the control to the external shift 
register, since it changes with implementation. A 
microprocessor or other controller can access the 
memory by issuing a MEMREQ/ with the appropri- 
ate read or write strobe. All other functions and 
timings are performed by the state sequencer. 

A frame buffer using the video RAM could use a 
scan-line mapping architecture. This approach could 
also be used in the frame buffer of an existing de- 
sign, although the full advantages of the dual-port 
would not be realized. 

Scan-line mapping refers to positioning the 
memory devices to correspond to relative bit place- 
ments within a display scan line. Logic reduction in 





the frame buffer is evident, since there is only a 
16-bit shift register, and no data bus buffer/sepa- 
rator requirement, as in the x4 example. In this par- 
ticular example, each transfer from the memory 
array to the shift register moves a total of 4096 bits, 
which provide the data for four 1024-pixel scan lines. 
Onchip shift register data is loaded into the 16-bit 
shift register to accelerate the data to the required 
88 MHz. The data in the memory’s shift register is 
clocked at 5.5 MHz, well below the device’s maxi- 
mum clock frequency of 25 MHz. The timing for 
the video RAM is derived from the pixel clock to 
keep the system timings synchronous. 

For this design, the row address strobe (RAS) 
cycle consists of 10 pixel clocks for the 114-ns pre- 
charge period, and 15 clocks for the 170-ns RAS low 
time, for a total period of 284 ns. All cycles (refresh, 
read, write, and transfer between arrays and shift reg- 
ister) use the same timings, with differences in the 
sequencing of the other control inputs to the video 
RAM (CAS/, W/, and TR/QE/). Each device holds 
every sixteenth pixel along the scan line of 1024 pix- 
els. Scan-line data comes from 64 adjacent columns 
in each of the 16 devices. A 16-bit processor can 
directly access the memory array for image manipu- 
lation if it recognizes the appropriate addressing 
arrangement. Thus, the system processor can issue 
the address of the row and column for the desired 
pixel. The decoding of the active chip (when access- 
ing via the DRAM port) may be done in hardware 
or as an internal operation of the processor. 

The 256-bit register on the video RAM can be used 
by the video control logic to manipulate data as well 
as shift the data to the display. One way to employ 
this register is to clear (erase) the display quickly. 
The processor can write to the 256 locations cor- 
responding to one row in the memory. This row can 
be transferred to the shift register. The shift register 
to memory transfer of the memory clears the remain- 
ing rows of the memory in 255 cycles. [Alternately, 
the serial input (SIN), could be grounded and SCLK 
clocked 256 times to load the shift register with all 
Os.] Thus, the frame can be erased in a fraction of 
the vertical retrace interval of 612 us, for improved 
performance in those applications requiring rapid 
screen clear. 


Unlimited access 

Since the video RAM shift register can be loaded 
from memory as little as once each four scan-line 
times for CRT refresh, the system processor has vir- 
tually unlimited access to the display memory. Dur- 
ing a single 16.67-ms frame time, there would need 
to be 256 display access cycles (one of the video 
RAM’s shift registers loads from memory for each 
four scan lines), and 1087 memory cell refresh cycles 
(a minimum of 256 refresh each 4 ms), which remove 
a small portion of the available time for updating 
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Fig 5 RAM and video control logic for a unified design 
can be implemented with programmable logic arrays and 
MSI circuits. A gate array or custom device could integrate 
the entire function in a high volume application. 


the screen. The time for this overhead can therefore 
be calculated as: 


MC x (#DIS + #REF) 
284 x (256 + 1087) = 381 ps 


Where MC is memory cycle time, 
#DIS is the number of display cycles, and 
#REF is the number of refresh cycles. 


So, in a single frame, all but 381 us (about 2.3 per- 
cent) of the interval to be used by the system proces- 
sor for display update are available. The remaining 
97.7 percent of the time to scan a complete frame 
is available for access by the system processor. This 
allows memory accesses to follow logical, predict- 
able patterns, and consistent timing sequences. These 
uniform cycles reduce the system hardware burden 


- to fit memory update accesses into a narrow window 


or burst. 

Modern screen imaging techniques indicate that 
hardware should not be used for read scrolling, to 
maintain maximum system flexibility. Designs usu- 
ally call for moving data within defined regions of 
the frame buffer. However, for systems with hard- 
ware scrolling, the 256-bit register on the video RAM 
can be used by the controller to manipulate scan- 
line data in the displayed image. Data from one 
memory row can be transferred to the shift register, 
and then transferred back to another row (without 
shifting the data), which moves the pixel data from 
one displayed row to another. Several such trans- 
fers can be made, giving the effect of scrolling a full 
screen image vertically. This will scroll the entire 
width of the screen, so it may not be appropriate 
in a system with windows, where the scroll must be 
done in software. 
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TABLE 2 
Maximum Accesses to Arbitrarily Located Region ; 










Region Size Scan _ Line Symmetric Improvement 
32 x 32 96 81 15 percent 
18x 18 .- 54 25 54 percent 
16x 16 32 . 25 22 percent 
10x 10 20 9 55 percent 

8x 8 16 9 44 percent 
4x 4 8 : 4 100 percent 


In scan-line architecture, a move of one row to 
an adjacent row within the video RAM results in 
moving the displayed line four scan lines vertically. 
To scroll an entire screen of lines would take: 


(MTS + TC) x #ROW 
(284 + 284) x 256 = 145 ys 
Where MTs is the time for a memory 
to shift register transfer, 
Tc is the shift register to 
memory cycle time, and 
#row is the number of rows to be moved. 


This scroll operation could wrap the image around 
the screen, or the processor could update the dis- 
play memory with a new portion of the image. The 
ability to move rapidly the screen image vertically 
may have application for some realtime systems or 
forms of animation, since it gives the system proces- 
sor more time to update the displayed image. 

The scan-line technique is preferred because it is 
simple and logical, and offers direct processor to 
memory mapping. Although scan-line mapping is 
generally best, other memory chip to pixel mapping 
schemes can be advantageous. In such a system, the 
drawing hardware may be able to update multiple 
pixels at each memory access. Unfortunately, it is 
exceptional for multiple pixels to occur in horizon- 
tal lines, such that writes could occur parallel to 
(along) the scan line. Data manipulations of the dis- 
play involve the equally probable writing of multiple 


16-BIT SHIFT REGISTER 


4096 DATA BITS 
3 SCAN LINES OF 1280 PIXELS 


pixels vertically, diagonally, and horizontally to cre- 
ate an image. Most data manipulations involve pixels 
within an arbitrary region occupying multiple scan 
lines. Using the scan-line mapping technique, these 
arbitrary regions will most likely not align with the 
work boundaries accessed by the graphics controller, 
thus requiring multiple accesses. 


Opting for the symmetrical architecture 

One method to reduce the number of accesses nec- 
essary to transfer an arbitrary block, and to mini- 
mize the access of unnecessary pixels, is to use a 
symmetrical architecture for the frame buffer 
memory array. The symmetrical architecture uses 
one 4-bit shift register per plane rather than the 16-bit 
shift register of the scan-line approach. It cascades 
videa RAMs by connecting the serial output of one 
device to the serial input of another to move 1024- 
column data bits to the 4-bit shift register. As in the 
scan-line method, an array-to-shift register transfer 
occurs once each four scan lines, but the data is now 
shifted out of the video RAMs at 22 MHz. The 
mapping to the screen shows that when the system 
processor operates on the frame buffer, it accesses 
a4x 4 block of pixels. The manipulation of an arbi- 
trary memory image will generally require fewer 
accesses, since the number of pixels operated on by 
the system processor will be maximized (included 
unnecessary pixels will be minimized). 

Table 2 compares the maximum number of 
accesses required to read or write variously sized, 
arbitrarily located regions using the implementations 


‘ described. For the smaller regions, symmetrical map- 


ping yields the greatest improvement in required 
accesses. The pixels of no interest occur at the 
boundary edge of the region. In addition, accesses 
internal to a large region do not contain any unneces- 
sary pixels. 

The symmetrical mapping architecture causes the 
scan-line data to correspond to the 256 columns 
within the same row of four memory devices. Each 
device corresponds to every fourth pixel in the scan 


Fig 6 The video RAM organization 
offers the consolidation of 
memory, made possible by unified 
text and graphics design. 
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line. A 16-bit processor can directly access the 
memory array for image manipulation, using the 
appropriate addressing arrangement. The system 
processor can directly issue the address of the row 
and column for the desired pixel. The decoding of 
the active chip may be done in hardware or as an 
internal operation of the processor. 

To implement a 1280 x 1024 display (which is 
becoming somewhat standard), twenty 64-Kbit 
memory devices are required. There are apparent 
problems, however, with the use of a 16-bit proces- 
sor with 20 memory devices. A bit-slice processor 
with 20 data bits could be used, but may not be prac- 
tical for many systems. If a 16-bit processor is used, 
either the processor will access some or all of the 
memory as partial words (eg, 5 banks of 4 bits, or 
1 bank of 16 bits and 1 bank of 4 bits), or extra 
memory is designated for use in video access. The 
use of partial words is possible. However, the added 
calculations to determine bit positions and increased 
number of accesses needed to update the display will 
cause some system performance degradation. This 
can be avoided by adding memory to fill out the data 
bus to a multiple of the processor width. This 
memory will not be wasted, since graphics systems 
typically require large regions of scratchpad memory 
to be used by the processors for placing text fonts, 
display lists, and for use in the calculations of draw- 
ing the displayed images. 

Since more memory is required, the use of 32 video 
RAMS can simplify the task of matching the memory 
width to the processor width. If the memory is or- 
ganized as shown in Fig 6, the transfer from array 
to shift register would place 4096 bits into the on- 
chip shift register. The data for 3 scan lines can be 
taken from these 4096 bits, leaving 256 unused bits. 
The display will use a total of 175,104 bytes (163,840 
displayed and 11,264 left at the end of the rows) of 
the 262,144 bytes in the RAM. This noncontiguous 
memory amounts to about 4.3 percent of the total 
memory. The remaining 87,040 bytes consolidated 


Fig 7 This frame buffer design 
provides four planes of display 
memory accessible to a 16-bit 
processor using 80 video RAMs. 
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within the second bank of video RAMs are available 


for use as system memory or scratchpad memory. 


Lookup table eases calculations 

To make the task of calculating the starting ad- 
dress of each scan line easier, a 1024-word table 
(2048 bytes), is set aside as a lookup table. Using 
a table to point to the start of the memory to be used 
for display allows rapid changes in portions of the 
screen image while not affecting other areas. When 
the same memory can be used for either display or 
system memory, the cost effectiveness and flexibil- 
ity of the system is improved. The unified text and 
graphics design approach allows memory consoli- 
dation, especially in those systems where nonpower- 
of-two displays are used. 

Fig 7 shows a possible implementation of a 1280 
x 1024 frame buffer to provide four planes of dis- 
play memory accessible to a 16-bit processor using 
80 RAMs. The processor will access all four planes 
of data for each of four pixels, from what it con- 
siders as five banks of 16 memories. The data for 
display within each of the planes appears as four 
banks of five devices so that the array to shift register 
transfer will load four scan lines of data. The differ- 
ence in this organization is the relative position of 
the four pixels accessed by the processor. The map- 
ping separates the four pixels accessed by 1280 pixels 
into a vertical line. Depending on the address scram- 
bling, the processor could map the memory sequen- 
tially in vertical rows rather than horizontal lines. 
The 5-bit shift registers allow the video dot rate to 
go up to 125 MHz before the data capacity of the 
RAMs is exceeded. 
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A 256K DRAM Organized for Applications Solutions 


Gregory B. Clark 
Systems Engineer 
Texas Instruments Incorporated 
Houston, Texas 


‘ABSTRACT 


The need for high density dynamic random access memory 
(DRAM) will continue to increase with the increased re- 
quirements of applications software. A 256K DRAM which 
combines increased memory density and high performance 
to satisfy more sophisticated applications is described. The 
256K DRAM has been organized to provide for both a 
256K x 1 and a 64K x4 architecture. System requirements 
will dictate which architecture is more effective in satisfy- 
ing an application. In addition, the refresh scheme and device 
pinouts allow the 256K DRAM family to be the first truly 
upwards compatible generation of 5 volt DRAMs. A techni- 
que where memory system upgrade can be accomplished in 
modular increments is demonstrated. 


INTRODUCTION 


As applications software becomes more sophisticated, 
the need for high density dynamic random access memory 
(DRAM) will continue to increase. On the average, system 
memory size will increase three to four fold requiring larger 
boards, additional boards, sophisticated packaging techni- 
ques, or denser memory. Figure 1 is a projection of the 
average increase in dynamic memory per system that will 
be necessary to accommodate more sophisticated applications 
programs over the next five years. Coincident with the in- 
creased memory requirements, however, is the introduction 
of the next generation DRAM, the 256K. These latest genera- 
tion devices will provide four times the amount of memory 
in the same board area as with 64K DRAM’s. In addition, 
more device features will provide the flexibility to maximize 
utilization of 256K DRAMs in specific applications. This 
paper will describe a 256K DRAM, its technology and 
architecture, and how it simplifies the needs of expanding 
applications. 


Joseph M. O’Hare 
256K Product Engineering Mgr. 
Texas Instruments Incorporated 
Houston, Texas 
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Figure 1. Projected DRAM Memory Increase 
Per System 


FEATURES AND CHARACTERISTICS 


The development of the 256K DRAM required new 
process technology [1] in addition to further scaling of the 
SMOS (Note 1) process. 


With the announcement of the 256K DRAM’s, it is 
apparent that the choice of architecture, silicide material, 
number of polysilicon/metal levels, and design techniques 
are numerous [2,3]. The TMS4256, 256K x 1 DRAM, is 
fabricated with a single metal, double level polysilicon 
(Note 2) process for performance and simplicity. The features 
of the technology are listed in Table I. 


NOTES: 1. SMOS, scaled NMOS, is the proven technology of the 
TMS4164, 64K DRAM 
2. Polysilicon and polysilicon/silicide 
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Table I. Technology Features 


‘ Aluminum 
Polycide 
400 Angstrom 
200 Angstrom 
50 fF 
C (bit tine)/C (Cell) 8 
Redundancy 
Technology 
Design Rule 
Metal Width (Min) 
Chip Size 


Bit Line 

Word Line 

Tox (Periphery) 
Tox (Cell) 

Cell Capacitance 


Laser 

Double Poly* 

2 Micron 

2 Micron 
4.6mm x 8.7mm 





*Polysilicon/polycide 


Folded metal bit lines and polycide word lines provide 
an optimum signal for sensing and high speed performance. 


This signal is a result of low bit line capacitance and... 


minimum word line delay. The double polysilicon approach 
required only the addition of a polycide process to an already 
proven technology. 


The dimensions of the chip are 4.6 mm x 8.7 mm and 
can easily fit into a 300 mil plastic package. Over 72% of 
the die area is devoted to the memory array and decode cir- 
cuitry as is illustrated by Figure 2, the chip photograph. 


Four redundant columns and four redundant rows 
(Note 3) have been included to maximize yield in the early 
stages of production. Laser blowing of polycide fuses 
accomplishes the task of removing the defective row(s) or 
column(s) and replacing them with the proper redundant 
row(s) or column(s). Repaired memory has been charac- 
terized and no performance or reliability degradation was 
observed. 


Typical speed and power characteristics are shown in 
Table II. The typical power dissipation at 3.8 MHz opera- 
tion is 250 mW while in standby mode it is only 12.5 mW. 
Typical access speeds from row address strobe (RAS) of 
105 ns have been measured. 


Table II. Typical Characteristics 


256K x1. G4K x4 

105 ns T (RCD) =25 ns 

62 ns 

50 mA T (RC) =260 ns 

2.5 mA 

256 cycle, 4 ms 

Package 16 Pin, 18 Pin 300 mil : 
Nibble Sequence ~ (0,0)—-(0,1)~(1,0)—(1.1) 


ESD >2 kv" 


Organization 

T (RAC) 

T (CAC): 

IDD (operating) 


Ipp (standby) 
Refresh 





*MIL-STD-883B. Method 3015 


NOTE: 3. Physically, eight rows on the chip 
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The voltage range of operation is shown in Figure 3. 
The specified supply voltage, Vpp is 5 volts + 10%; the 
actual performance is shown to be from 3.5 volts to greater 
than 7.0 volts. 
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Figure 3. tRAC Versus Vpp 


ARRAY ARCHITECTURE 


The 256K DRAM has been designed to provide op- 
timum flexibility in terms of I/O’s for system data bandwidth. 
The lead established by the 64K DRAM, with both 64K x 1 
and 16K x 4 organizations, has been followed by the 256K 
DRAM. The memory architecture is designed for 256K x 1 
and 64K x 4 1/O structures. One step further is the addition 
of a nibble mode option. Since its introduction [4], nibble 
mode has become an additional feature on many first genera- 
tion 256K devices. The 256K offers the flexibility of utiliz- 
ing either a nibble mode or page mode DRAM. 
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TIMING AND CONTROL 


32K ARRAY } POW | 32k ARRAY 
256 
SENSE AMPS 


Furthermore, the memory array of the 256K’ DRAM 
is compatible with the following options: 


1. 256K x1 (TMS4256, Page Mode) 
2. 256K x1 (TMS4257, Nibble Mode) 
3. 64K x4 (TMS4464, Page Mode) 


The functional block diagram of the 256K x1 and 
64K x4 are shown in Figures 4 and 5. By examining these 
figures, two significant differences in the block diagrams are 
noted. First, on the 256K x 1 (Figure 4) the most significant 
address A8 performs a one of four selection to provide a 
single output. This address is not required for the 64K x4 
device as all four data bits are required, one for each DQ 
pin (Figure 5). Second, an additional control signal, G or 
output enable, is available on the 64K x4 to provide addi- 
tional HI-Z/enable flexibility on the DQ pins. 


Ww 






ROW DATA 
32K ARRAY becond 32K ARRAY wo se i" D 
B REG 
COLUMN DECODE >] 10F 4 
bana 
SELEC- DATA 
OUT a 
32K ARRAY. |engnd 32K ARRAY TION RER 


ROW 
32K ARRAY DECODE 32K ARRAY 





Figure 4. 256K x 1 Block Diagram 
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RAS CAS 











32K ARRAY 


32K ARRAY 








32K ARRAY Serene 32K ARRAY 
Fral — leds 
SENSE AMPS ; 


32K ARRAY |) CCW" | 32K ARRAY 


COLUMN DECODE 


ROW 
32K ARRAY 
256 
SENSE AMPS| __|SENSE AMPS 
32K ARRAY 


ROW 
DECODE 





Figure 5. 64K x 4 Block Diagram 


The unique array architecture can be appreciated by 
looking one level deeper into the functional diagram. 
Figure 6 illustrates how one memory array access generates 
four data bits internally. Essentially, the X-word lines for 


. the top and bottom array are selected simultaneously (effec- 


tively one word line). One Y-decoder will select four sense 
amplifiers; as a result, four memory cells are accessed. The 
four bits can be: 1. decoded by RA8 and CA8 for the 
TMS4256; 2. shifted from the four intermediate output buf- 
fers using an A8 (AY8, AX8) sequence nibble operation for 
the TMS4257 (see Table II); or 3. loaded to four DQ buf- 
fers for the TMS4464. 





Figure 6. Functional Diagram 
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The array architecture also maintains the 256 cycle, 


‘four millisecond refresh that was standardized on the 


TMS4164 and TMS4416. This was accomplished by organiz- 
ing the array as 256 rows and 1024 columns in four 64K 
blocks. 


INCREASED REFRESH FLEXIBILITY 


In addition to conventional refresh methods, the. 
256K DRAM family has been designed with expanded 
capabilities. Refreshing the device can be accomplished with 
any of the following techniques: 


Normal Read/Write operation, 
RAS-only-refresh cycle, 

CAS-before-RAS refresh cycle (CBR), and 
Hidden refresh cycle. 


Poy e 


The 256K design includes an internal refresh address 
counter. This counter provides the row address to be refresh- 
ed in a CBR or Hidden refresh cycle. With this feature, an 
external refresh address does not have to be supplied by the 
user. The memory system design simplification is illustrated 
in Figures 7 and 8. Note that both an external refresh ad- 
dress counter and multiplexer have been eliminated with the 
utilization of CAS-before-RAS refresh. 


The timing diagrams for the various refresh cycles are 
shown in Figure 9. It is significant to observe from the tim- 
ing diagrams that the address is in a ‘‘don’t care’’ state 
during the RAS negative transition for the CBR or hidden 
refresh cycles. 


CLK 


Figure 8. CAS-Before-RAS Refresh Implementation 
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Figure 9. Refresh Cycle Alternatives 





GENERATION TO GENERATION 
COMPATIBILITY 


The pinout of the 256K x1 and 64K x1 devices 
(Figure 10) illustrates the pin-for-pin compatibility with the 
exception of pin 1 on the 256K x1. This is designated as 
the ninth address pin since 18 addresses are necessary to 
decode one of 256K memory locations. From the board 


layout perspective, only an additional trace will be necessary . 


to accommodate the ninth address pin. However, an addi- 
tional multiplexer (2 to 1 MUX) is necessary since typically 
they are available in 4-bit increments only. If an external 
DRAM controller chip is to be utilized, a provision for the 
additional addressing bit may already be accommodated. The 
same refreshing scheme as used by the TMS4164, 64K x 1, 
generation devices will also be used by 256K x 1 devices; 
specifically, 256 cycles in a 4 ms period. The additional 
address pin is simply ignored by the refresh address genera- 
tion circuitry when refresh occurs. 





Figure 10. x 1 DRAM Pinouts 


The 16K K4 (TiMS4+416) and G4K x4 (THIS4464) 
generation devices are the first entirely pin-for-pin compatible 
dynamic RAM generations (Figure 11). A system designed 
for TMS4416 devices will be able to immediately utilize a 
TMS4464 device. The main adaptation will be in the memory 
map circuitry where there is suddenly four times the available 
amount of memory. The TMS4416 devices employ an 8-row 
address, 6-column address decoding matrix to yield four bits 
from 65,536 possible memory locations. This decoding 
scheme provided the four bits all from the same row since 
the eight row address bits decode 1 of 256 rows, and the 
six column address bits decode 4 of 256 columns. Despite 
only 6 column bits being necessary, the trace layout includ- 
ed the eight address lines for row address decoding re- 
quirements. The 64K x4 was designed to comprehend an 


9-101 


le Applications Information 





iy uoHneUOjU] SuOo}eoddy 


TMS4416 


TMS4464 





Figure 11. x4 DRAM Pinouts 


8 row address, 8 column address decoding matrix in order 
to maintain compatibility with the previous generation. Since 
the architecture is arranged as 256 rows by 1024 columns, 
all four data bits are selected on the same row. Eight traces 
have already been incorporated in the layout so no changes 
will be necessary for the TMS4464 board layout. 
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The generation-to-generation compatibility offers the 
ability to simply replace new generation devices for older 
generation devices with the appropriate board layout; thus, 


’ memory expansion can be taken advantage of with a 


minimum of board re-configuration. With the right support 
circuitry as illustrated by Figure 12, the memory size can 
be increased in a modular fashion to correspond with increas- 
ed memory requirements from software. A TMS4416 to 
TMS4464 conversion system is a good example. Memory 
mapping for a TMS4164 to TMS4256 conversion system 
would be very similar except for the provision for a ninth 
address line. Consider an application that calls for a 16K 
word minimum memory requirement to be increased by 
minimal steps until a full 256K words are available by vir- 
tue of a fully populated 64K x4 DRAM system (Figure 13.). 
This allows the user to increase memory to align it with his 


_ expanding software requirements without an immediate four- 


fold memory increase. In addition, devices will replace parts 
already existing on the board; so it is not necessary to pur- 
chase complete memory expansion boards. A 64K-word 
system will require 16 TMS4416 DRAM’s arranged as four 
banks with four devices in each bank. Four TMS4416 
DRAM’s will provide the required word width. 


x4 (x1) DRAMS 


Figure 12. Memory Board Block Diagram 
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ASO ‘RASO 
TMS4416 TMS4464 
16Kx4 64Kx4 
RAS1 — RAS1 
TMS4416 T™MS4416 
16Kx4 16Kx4 
RAS2 D> RAS2 
TMS4416 TMS4416 
16Kx4 16Kx4 
RAS3 RAS3 
TMS4416 TMS4416 
16Kx4 16Kx4 
DATA BUS ie DATA BUS 


TOTAL = 112K WORDS 
TOTAL = 64K WORDS 





RASO RASO 
TMS4464 TMS4464 
64Kx4 64Kx4 
RAS1 RAS1 
ThS4464 THS4464 
G4Kx4 64Kx4 
RAS2 [> RAS2 
™MS4416 TMS4464 
16Kx4 G4Kx4 
RAS3 RAS3 
‘| | TMS4416 TMS4464 
16Kx4 64Kx4 
DATA BUS : _——séDATA BUS 7 er 
TOTAL = 160K WORDS TOTAL = 256K WORDS 


Figure 13. TMS4416 to TMS4464 Memory Expansion 
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The added consideration with this type of memory 
arrangement is mapping the memory from the onset to com- 
prehend the memory increase. This can be accomplished by 
using addresses A14 to A17 to decode a 32 X 8 PROM to 
yield the four RAS bank select signals. Each x 8 location 
of the PROM (actually only four of the eight bits are used) 
corresponds to a 16K-word memory block. Table IH is a truth 
table which indicates the decoding scheme for the four RAS 
bank selects. In the initial system of up to 64K words, 
memory will correspond to the first four memory locations 
(16K x 4=64K). As additional memory is added to the 
system, each additional 16K block of memory will corres- 
pond to subsequent PROM memory locations. Note that the 
addition of memory can happen in increments of one bank 
at a time (four devices). A fully populated TMS4464 DRAM 
system will absorb 16 out of the total 32 PROM memory 
locations. Thus the most significant PROM address bit, A4, 
is used as a refresh decode. All PROM memory locations 
(16, total) which correspond to A4 high activate all four RAS 
bank select signals. This allows refresh to occur on the cur- 
rent selected row for all system DRAM memory 
simultaneously. Remember that a TMS4464 DRAM has the 


same 256-cycle refresh scheme as a TMS4416 DRAM so 
a combination system will have no refresh constraints. 


A TMS4256 conversion system (Figure 14) from a 
TMS4164 system will be very similar except that memory 
will be mapped in 64K-word blocks and would increase from 
a minimum of 64K-words to a maximum of 1M-words (a 
fully populated 256K DRAM system). 


ORGANIZATION TRADEOFF 


The previous compatibility examples illustrate signifi- 
cant differences in the implementation of either a x1 or x4 
organized DRAM for a particular application. A complete 
evaluation of the system needs is necessary in order to decide 
on which organization DRAM to utilize. There are basi- 
cally three categories to examine when evaluating your 
system: 


1. Memory size requirements, 
2. | Memory speed requirements, and 
3.  Expandability requirements of the system. 


Table II. PROM Truth Table 


PROM 
ADDRESSES 
A4 A3 A2 Al 


° 
° 
° 


=-co00000c0c0OO0O COCO 00 
COORD DOD OOO OOOO CO COO Off 


¢) 
0) 
0 
.¢) 
ie) 
ie) 
ie) 
.¢) 
0 
Oo 
ie) 
0 
i?) 
.¢) 
Oo 
i?) 
ie) 


X eee sews ses CCAGCC CO 
X22422000024242000 
xXeeroaedodoja 2 00 200+2+4 0 
SCOOC OOOO OOOO OC OOO 
oo Mo Mo Mo MoM - MoM Mo Mo Mo Mo Mo M-M oie) 


9-104 


oooooco0o0o0ce0eo0o00c oo cd 


OUTPUTS 


as 


SELECTED 
BANK 
OF MEMORY 


RAS3 RAS2 RAS1 RASO 
04 a3 a2 a1 


°o 


Bank3 
Refresh All Banks 


~“~oocr-rrer 000 0 0 00 +00 


mp oooo°onceoorH er OOOoCoco= 
-~ooodocdcdcdoc0c0of+++9000 2 





TMS4164 
64Kx1 


RAS1 


TMS4164 
64Kx1 


TMS4164 
64Kx1 


RAS3 





TMS4164 
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TOTAL = 256K WORDS 


RASO 
TMS4256 
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RAS1 
TMS4256, 
256Kx1 | 
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TOTAL = 448K WORDS 
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TOTAL =1M WORDS 


Figure 14. TMS4164 to TMS4256 Memory Expansion 
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Memory Size Requirements 


The memory size needed to satisfy an application would 

be the first factor to evaluate in the consideration of either 
x.1 or a x4 system implementation. A general rule to 

apply is to utilize the x4 organization for memory require- 
ments up to the x 1 memory size, or if N>1, where N= X1 
memory size/memory needed. In the case of 256K DRAMs, 
for memory less than 256K (bytes, words, etc.) it would be 
advantageous to utilize 64K x4 devices. Figures 15 and 16 
show a comparison of a system which uses x 1 DRAMs and 
x4 DRAMs, respectively, to provide 256K bytes. The same 

number of memory devices are utilized in each case, but the 
x 1 device takes up somewhat less space because of the 

16-pin package over the 18-pin package of the x4 device. 





Figure 15. 256K Memory System Size 
(256K x 1 Implementation) 





Figure 16. 256K Memory System Size 
(64K x 4 Implementation) 


In addition, proper decoding circuitry will be necessary to 
decode one of the four memory banks of the x 4 implemen- 


tation. The power savings of enabling only one bank at a 


time for a memory access will be offset by the power usage 
of the additional drive and decoding circuitry. The additional 
circuitry will also take up more board space, and require 
more signal routing to implement. A listing of relevant 
parameters is available in Table IV for botha x1 and x4 
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implementation of a 256K-byte system. Up to the 256K byte 
level, though, the bandwidth advantage of the x4 devices 
allows better memory utilization and power savings by enabl- 
ing one bank of DRAMs during any single memory access. 
Table V is a comparison of the same parameters for a 
TMS4464 and TMS4164 implementation of a 128K-byte 
system. The part count and board area savings of the 
TMS4464 implemented system is highlighted in Figures 17 
and 18. 


Table IV. 256K-Byte System 


PARAMETERS 256K x1 DRAM } 64K x4 DRAM 


Component Count* 9 10 


Board Area 
Power 


3.34 sq.”" 
620 mA 


4.0 sq."’ 
375 mA 





*{ncludes Support Circuitry 


Table V. 128K-Byte System 


PARAMETERS 64K x1 DRAM | 64K x4 DRAM 


Component Count* 18 : 6 
Board Area 4.89 sq." 2.4 sq.” 
Power 


*Includes Support Circuitry 





Figure 17. 128K Memory System Size 
(64K x 1 Implementation) 


A16 


Al? 


MUX 
ADDRESS 





Figure 18. 128K Memory System Size 
(64K x 4 Implementation) 


Memory Speed Requirement 


The speed required to satisfy specifications for an 
application is another factor to consider when evaluating the 
use of x1 or x4 organized DRAMs. The minimum cycle 
time for a 150 ns dynamic RAM is 260 ns. With system 
decoding and buffer delays within the system, the realistic 
cycle time will be increased to 300 ns. Memory access 
becomes critical when the application demands a high 
performance microprocessor or bit slice controller. High 
performance microprocessor memory access periods are now 
reduced to under 200 ns in some cases, while a bit slice 
memory access period is under 100 ns. Direct interface of 
x 1 DRAMs would cause the fast processors to execute wait 


states while waiting for the memory. The example in - 


Figure 19 shows a method in which the utilization of a x4 
device will decrease the average access time. of each bit by 
a factor of up to four. The two least significant addresses 
decode one of the four latches which provide four times the 
data bus width worth of data. The processor will have to ac- 
cess the latches four times as often, as memory must be 
accessed to load the latches. The data from the first latch 
will be accessed in the normal DRAM access period 
(300 ns) as all four data latches will be filled. With a typical 
processor memory access period of 75 ns assumed, subse- 
quent processor memory accesses will access memory from 
the other three latches allowing for memory access without 
wait states. This translates to an average cycle time of 
{300 ns+3*(75 ns)]/4 processor memory accesses or 
131 ns. Since most processor instructions occur sequential- 
ly over short intervals and require multiple memory opera- 
tions, the average memory access will be based upon enhanc- 
ed access time. This compares with the previous average 
memory cycle time of 300 ns where the processor will be 
forced to wait for every memory access. Even further 
enhancement of apparent memory access time can be 
achieved in systems that allow memory access overlap or 
pipelined instruction execution. Such a system would have 
an apparent memory access time approaching 75 ns (or the 
cycle time of the processor). Obviously, memory speed and 
memory size are very interrelated when considering this 
trade-off. 












ADDRESS call 


COMPARATOR = 


a — | 
OECODE 
2 ACA eee: 
ms 
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cpu 





ADDRESS 
MUX 





A11-A19 















‘Figure 19. 64K x 4 Implemented System 
Performance Increase 


Expandability 


The expandability of a system can be sub-divided into 
two aspects: maximum memory size, and minimum memory 
increments. The compatibility examples are good illustra- 
tions of the granularity advantage of the <4 devices over 
the x 1 devices where granularity is a measure of the smallest 
increment in which memory size can be increased. The in- 
crease of total memory size with the modular implementa- 
tion of 64K x4 DRAM’s was only in 48K-byte increments; 
whereas the 256K x 1 system increased in units of 192K- 
bytes. By the same token, the maximum attainable memory 
size for the x4 system will be 256K-words, whereas the 

X 1 system can be expanded to a maximum of 1M-words 
(if maintaining the same level of bank decode logic). 


SYSTEM REFRESH CONSIDERATIONS 


The use of dynamic RAMs in a system carries with 
- it the responsibility of refreshing the DRAMs at regular in- 


tervals. Several refresh alternatives provide the designer the 
opportunity to adapt a particular refresh scheme to a par- 
ticular application. The type of refresh to be implemented 
in a system depends directly on the type and speed of the 
processor being utilized, since these factors determine the 
length of time before memory access may be required. 
Typically in a memory sub-system design, refresh should 
be as transparent to the system operation as possible. This 
serves to reduce the interruption of processor access cycles 
to a minimum and thereby increase the performance of the 
system. For slow processors, hidden refresh provides the 


_ capability to complete a refresh cycle within a processor 


memory access cycle by latching the accessed data while the 
refresh is completed. As a result, separate hardware will pro- 
vide for refresh cycle implementation, eliminating refresh 
responsibility from the processor. It is interesting to correlate 
tefresh timing requirements of the DRAM memory with the 


‘memory access requirements of the processor. The refresh 


cycle time for a 150 ns DRAM is 260 ns. Hidden refresh 
implementation in a slow processor system allows enough 
time to complete both a memory access and a refresh cycle 
(Figure 20). There will be no affect on processor operation 
performance due to refresh requirements of the system. In 
a medium performance processor system, the period of time 
provided for memory access becomes critical when a refresh 
must occur. Wait cycles may have to be implemented dur- 
ing a processor memory access which occurs during a refresh 
cycle to accommodate the additional time that the refresh 
cycle adds to the memory access cycle. In a high performance 
system, the memory access cycle will cause the processor 
to be delayed to allow completion of the memory access. 
A refresh cycle will cause additional delay to be added to 
the memory access time. In systems with a processor that 
gives an indication that it will not be utilizing the memory, 
a refresh cycle may be inserted to eliminate the degradation 
of processor throughput because of refresh. 
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Figure 20. Slow Processor Transparent Refresh 


SUMMARY 

Design and process technology advances combine to 
allow the manufacture of a 256K DRAM that is upwards 
compatible with previous generation 64K DRAMs. The. 
memory array architecture is adaptable to both 256K x 1 and 
64K x 4 organizations. Device performance is improved due 
to the use of polycide film, thin gate dielectric insulator, and 
folded metal bit lines. 


Generation-to-generation compatibility provides addi- 
tional memory for new applications or reduced component 
count for present applications. Furthermore, the TMS4416 
and TMS4464 are pin-for-pin compatible and require no 
hardware modifications to upgrade. 


Refresh requirements are identical between generations 
of x1 and x4 DRAMs. The 256K DRAM is available with 
an internal refresh address counter to accommodate hidden 
and CAS before RAS refresh schemes. 


The performance and flexibility of the 256K DRAM 
family will meet the increasing system memory requirements 
without increasing system complexity. As a result, more 
sophisticated software can be accommodated. 
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LOGIC SYMBOLS 





EXPLANATION OF IEEE/IEC LOGIC SYMBOLS 
FOR MEMORIES 


1. INTRODUCTION 


The International Electrotechnical Commission (IEC) has been developing a very powerful symbolic language 
that can show the relationship of each input of a digital logic circuit to each output without showing explicitly 
the internal logic. At the heart of the system is dependency notation, which will be partially explained below. 


The system was introduced in the USA in a rudimentary form in IEEE/ANSI! Standard Y32.14-1973. Lacking 
at that time a complete development of dependency notation, it offered little more than a substitution 
of rectangular shapes for the familiar distinctive shapes for representing the basic functions of AND, OR, 
negation, etc. This is no longer the case. 


The current standards are IEC Publication 617-12, 1983, and ANSI/IEEE Standard 91-1984. Most of the 
data sheets in this data book include symbols prepared in accordance with these standards. The explanation 
that follows is necessarily brief and greatly condensed from the explanation given in the standards. This 
is not intended to be sufficient for those people who will be developing symbols for new devices. It is 
primarily intended to make possible the understanding of the symbols used in this book. 


2. EXPLANATION OF A TYPICAL SYMBOL FOR A STATIC MEMORY 


The TMS47128 symbol! will be explained in detail. This symbol includes almost all the features found in 
the ROMs, PROMs, and EPROMS. 


The address inputs are arranged in the order of their assigned 
binary weights and the range of addresses are shown 


™MS47128 as an where m is the decimal equivalent of the lowest address 
ROM and n is the highest. The outputs affected by these addresses 
16,384 x 8 are designated by the letter A, as data inputs would also be if 


the device were a RAM. 


The polarity indicator Ga indicates that the external low level 
causes the internal 1-state (the active or asserted state) at an 
input or that the internal 1-state causes the external low level 
at an output. The effect is similar to specifying positive logic and 
using the negation symbol ©. 


The V symbols indicate three-state outputs. Three-state outputs 
will always be controlled by an EN function. When EN stands 
at its internal 1-state, the outputs are enabled; when EN stands 
at its internal O-state, the outputs stand at their high-impedance 
states. Sometimes the EN is a single input but in the illustrated 
case, it is the output of a three-input AND gate. All three inputs 
(pins 20, 22, and 27) are active low so if any one of them goes 
high, the outputs. will be disabled. The upper one of these three 
inputs (pin 20) has another function. When nonstandard labels 
and explanatory labels are used within symbols, they are 
enclosed within square brackets. Here we find the label ’’iPWR 
DWNI’’. This is intended to indicate that if pin 20 is high, the 
memory will go to a low-power standby state. 
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3. THE BASICS 


Es sjoquiAs 91607 


Section 3.1 illustrates the most common building blocks that are used in constructing symbols for memories. 
On the left are shown the symbols that specify the active levels for level-operated inputs, and the direction 
of active transition for dynamic inputs. 


it is preferred to show all input lines on the left and all output lines on the right. When an exception is 
made to this left-to-right signal flow, an arrowhead is used to show the reverse signal flow. 


Three symbols are shown that indicate 3-state, open-drain, and open-source outputs. If none of these 
are used, the output should be assumed to be totem-pole. The common control block is a point of placement 
for inputs that affect an array of elements. 


The drawings on the right define the three forms of dependency notation used in this book. At an input 
(or output) that affects other inputs or outputs, a letter (G, C, or Z) is placed followed by a number. That 
same number is placed at the affected inputs and outputs. The letter G indicates that an AND relationship 
exists; if the affecting input stands at the O-state, it imposes that O-state on the affected input or output. 
The letter C indicates a control relationship, usually between a clock and a D (data) input. If the C input 
stands at its O-state, the affected input is disabled. A D input is always an input to a storage element, 
which it either sets to the 1-state or resets to the O-state, unless the D input is disabled to have no effect. 
Z dependency is used to transfer a signal from one place in a symbol to another, for example from the 
output at Z4 across to a terminal labeled ‘'4’’, or from the output at Z5 back to the ‘’5’’ where it serves 
as an input with no terminal attached. 
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3.1 DIAGRAMATIC SUMMARY 


INPUTS G (AND) DEPENDENCY 


Active H (high) 








a 
Active L (low) b 
Active on L-to-H transition i 
Active on H-to-L transition 
INPUT/OUTPUT 
a 
a a 
-_ = b 
OUTPUTS Z (INTERCONNECTION) DEPENDENCY 
Active high —_ = mS ca 
Active low* a 4 24 a 
3-State V = 
ee 5 25 
Open-Circuit (L-type)t © 
Open-Circuit (H-type)* > 
an ae rr) 
oS 
COMMON CONTROL BLOCK = 
> 
a “The active-low indicator may be used in combination with ” 
_ a ‘ the 3-state and open-circuit indicators. Oo 
tL-types include N-channel open-drain and P-channel open- ‘oD 
b source outputs. ° 
b +H-types include P-channel open-drain and N-channel open- =! 
: — source outputs. 
10. | 
c 
d d 
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4. EXPLANATION OF A TYPICAL SYMBOL FOR A DYNAMIC MEMORY 
4.1 THE TMS4116 SYMBOL 


™IS4116 The TMS4116 symbol will be explained in detail for 
RAM 16K X 1 each operating function. The assumption is made that 
Sections 2 and 3 have been read and understood. 

20D7/21D0 While this symbol is complex, so is the device it 
represents and the symbol shows how the part will 








AO (5) 


Al 





A2 6 perform depending on the sequence in which signals 
eae are applied. 

Be A76,383 

A4 


AS 


AG 20D13/21D6 


4.2 ADDRESSING 


The symbol above makes use of an abbreviated form to show the multiplexed, latched addresses. The 
_blocks representing the address latches are implied but not shown. — 





AO 20D7/21D0 CAS 
c Al | AO 
Q oe 0 ee 
Ss) A76,383 Az 
op) A4 A3 
3 AS A4 
sa AG 20D13/21D6 AS 
= RAS C20 its 0 
a RAS nae ee 
10 | CAS C21 A76,383 
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4.3 


4.4 


4.5 


4.6 





When RAS goes low, it momentarily enables (through C20, > indicates a dynamic input) the D inputs 
of the seven address registers 7 through 13. When CAS goes low, it momentarily enables (through C21) 
the D inputs of the seven address registers O through 6. The outputs of the address registers are the 14 
internal address lines that select 1 of 16,384 cells. 





REFRESH 
RAS — ernest ROW] 
POWER DOWN 

RAS 24 [PWR DWN] 
CAS G24 

WRITE 

READ 





When RAS goes low, row refresh starts. It ends when RAS 
goes high. The other input signals required to carry out 
refreshing are not indicated by the symbol. 


CAS is ANDed with RAS (through G24) so when RAS and 
CAS are both high, the device is powered down. 


By virtue of the AND relationship between CAS and W 
(explicitly shown), when either one of these inputs goes low 
with the other one and RAS already low (RAS is ANDed by 
G23), the D input is momentarily enabled (through C22). In 


an ‘‘early-write’’ cycle it is W that goes low first; this causes 


the output to remain off as explained below. 


The ANDed result of RAS and W (produced by G23) is 
clocked into a latch (through C21) at the instant CAS 
goes low. This result will be a ‘’1’’ if RAS is low and 
W is high. The complement of CAS is shown to be 
ANDed with the output of the latch (by G24 and 24). 
Therefore, as long as CAS stays low, the output is 
enabled. In the ‘’early-write’’ cycle referred to above, 
a ‘‘0’’ was stored in the latch by W being low when 
CAS went low, so the output remained disabled. 
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5.. SYMBOLS FOR DYNAMIC RAM MODULES 


A dynamic RAM module is created by attaching separate DRAMs in chip-carrier packages to a common 
_ substrate. The symbols for the composite memory thus created starts with the symbol for the original 
DRAM and is used with as little change as possible. 


So far, two types of organizations have evolved. In the first, all like address and control inputs are connected 
in parallel between the separate packages. Taking the TM4256EQ5 as typical of this group, the symbol 
starts with that of the TMS4256 with the qualifying symbol! changed from ’’RAM 256K x 1”’ to ’’RAM 
256K x 5°’, and this becomes a common control block for an array of five input-output elements shown 
below it. 


in the second type of organization, of which the TM4256FC1 is typical, most of the address and control 
lines are parallel connected, but some are brought out separately for each of the DRAM packages. In order — 
to maintain the recognizability of the original TMS4256 symbol, it has now been placed in the first element 
of the array. The empty rectangles located below the first element represent three other identical elements. 
Now interconnection (Z) dependency has been used (see 2 and 2.1) to show how CAS, W, D, and the 
address inputs connect to the first element, and since these inputs are located in the common control 
block, the connections apply equally to all the elements. The connections for RAS1, RAS2, RAS3, and 
RAS4 apply only to the individual elements. 


TM4256FC1 
RAM 1024Kx1 


TM4256EQ5 
RAM 256Kx5 
















AO 20D9/21D0 AO 
Al Al 
A2 A2 
A3 0 A3 
Aa A 762.143 A4 
AS AS 


A6 A6 
A7 A7 
A8 20D17/21D8 A8 


20D9/21D0 


; 0 
(4) A62,143 


js sjoqwAs 91607 


p01 A,22D AY ai 
D2 ie a es a2 
D3 aaa ae a3 
D4 Po a4 20D17/21D8 
D5 (aed as p> C201ROWI 





RAS2 
RAS3 
RAS4 





G23/[REFRESH ROW] 
5+ 24 [PWR DWN] 
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The drawings below illustrate the handling of control lines that in the original symbol! were broken up into 
active-high and active-low functions. To make the combined symbol, the one of the two levels that seemed 
most appropriate was chosen, and then bars were used over the dependency numbers if necessary. For 
example, PWR DWN is an active-high function of pin 3, but it was decided that pin 3, RAS, should be 
considered active low. The bar over the number 39 indicates that PWR DWN is a function of the complement 
of Z39 (ANDed with the complement of Z40 through G24), and the complement of active low is active high. 


CAS OS) ea Z40 













C20[ROW] 


‘a 39 $>c20i[ROW) 
RAS1 Z39 39-4 G23/[REFRESH ROW] | a G23/[REFRESH ROW] 
39 24 [PWR DWN] = RAS1 24 [PWR DWN} 


C21[(COL] 






4045>C21[COL] 
40% G24 
SKS (13) 


40 


Another modification of the basic symbols that can occur in either organization is illustrated by the 
TM4256GP8. The TMS4256 has separate input and output pins. In the module, these have been connected 
together to form a single I/O port. In the module symbol, this is indicated using Z dependency to transfer 
the output signal from the right side to the left side. 





TM4256GP8 


a If you have questions on this Explanation 
RAM ZEGKe of IEEE/IEC Logic Symbols, please contact: 
20D9/21D0 


F. A. Mann MS49 

Texas Instruments Incorporated 

: P.O. Box 225012 . 

Azeriay Dallas, Texas 75265 
Telephone (214) 995-2867 


IEEE Standards may be purchased from: 


ygbanbets Institute of Electrical and Electronics Enginéers, Inc. 
345 East 47th Street 
New York, N.Y. 10017 


International Electrotechnical Commission (IEC) 
publications may be purchased from: 


American National Standards Institute, Inc. 
1430 Broadway 
New York, N.Y. 10018 
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MECHANICAL DATA 





general 
Electrical characteristics presented in this catalog, unless otherwise noted, apply to device type(s) listed 
in the page heading, regardless of package. Factory orders for devices described should include the complete 
part-type numbers listed on each page. 

MOS memory device numbering system 


TS 4256 -—12 N 





UNIQUE PRODUCT SPEED 
TEMOS REFS IDENTIFICATION NUMBER RANGE 
Max Access 
TMS Commercial MOS ~ 4 45ns -20200ns_ ODS Plastic SOJ Package E -—40°C to 85°C 
SMJ Military MOS - 5 55ns -25250ns_ FM Plastic Chip Carrier LL O°C to 70°C 
TMX Pre-production MOS - 7 70ns —30300ns __ FP Plastic Chip Carrier M -55°C to 125°C 
-10 100 ns -35350ns J Cerpak/Cerdip S -55°C to 100°C 
-—12 120ns -45 450 ns _ JD Side Braze 
-15 150 ns - N Plastic DIP 
TI single-in-line package nomenclature 


™ 4256 E Lt 9 -15 L 










BOARD 
DIMENSIONS 


WORD WIDTH 
OUTPUT 


MEMORY 
DEVICE 


PINOUT 
ONFIGURATIO 




















Max Access L 0°C to 70°C 
-12 120 ns 
—15 150 ns 
—20 200 ns 


tThe board dimensions for the various single-in-line package designators are given on pages 11-16 thru 11-23. 


manufacturing information 
Die-attach is by standard gold silicon eutectic or by conductive polymer. 


Thermal compression gold wire bonding is used on plastic packaged circuits. Typical bond strength is 5 
grams. Bond strength is monitored on a lot-to-lot basis. Any preseal bond strength of less than 2 grams 
causes rejection of the entire lot of devices. On hermetic devices either thermal compression or ultrasonic 
wire bonding is used. All hermetic MOS LSI and VLSI devices produced by TI are capable of withstanding 
5 x 10-7 atm cc/sec inspection and may be screened to 5 x 10-8 atm cc/sec fine leak, if desired 
by the customer, for special applications. 


All packages are capable of withstanding a shock of 3000 g. All packages are capable of passing a 20,000 


g acceleration (centrifuge) test in the Y-axis. Pin strength is measured by a pin- shearing test. All pins are 
able to withstand the application of.a force of 6 pounds at 45°C in the peel-off direction. 


dual-in-line packages 


A pin-to-pin spacing of 2,54 mm i100 mils) has been selected for standard dual-in-line packages (both 


plastic and ceramic). 
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T! uses three types of hermetically sealed ceramic dual-in-line.packages: cerdip, cerpak, and sidebrazed. 
The cerdip and cerpak packages have tin-plated leads. The sidebraze package has gold-plated leads. The 
plastic package may have tin-plated leads, 60/40 solder-plated leads, or 60/40 hot-solder-dipped- 


finished-leads. 


ceramic packages 
side braze (JD suffix) 





Cc NOM 
INDEX 
MARK 
(DOT, TRIANGLE 1 
. OR NUMBER) 
& 
A+0.025 
(0.010) aene - 1,778 (0.070) MAX 
(0.020) ; 
MIN 
SEATING 5,08 (0.200) MAX 
PLANE 
33 3,175 (0.125) MIN 


105° 


| —||—0,457 + 0.076 
0,279 + 0,076 o On spacina— = (0.018 + 0.003) 


(0.011 + 0.003) » 2,54 (0.100) NOM 


A + 0,025 7,62 7,62 7,62 10,16 | 7,62 15,24 | 15,24 | 15,24 
(+0.010) (0.300) | (0.300) | (0.300) | (0.400) | (0.300) | (0.600) | (0.600) | (0.600) 
BIMAX) 20,57 | 23,11 27,94 | 30,86 | 32,77 
. (0.810) | (0.910) (1.100) | (1.215) | (1.290) 
7,493 | 7,493 | 7,493 | 10,03 | 7,493 
C(NOM) 
(0.295) | (0.295) | (0.295) | (0.395) | (0.295) 


ALL DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 
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cerdip/300 mil cerpak (J suffix) 








1,143 (0.045) MAX 
(SEE NOTE A) 
i 


—— 
5,08 (0.200) 
MAX 


3,17 (0.125) 
eam | 0,279 + 0,076 _ | MIN 
(0.011 + 0.003) 


1,78 (0.070) PIN SPACING 
0, ABT + 0,076 MAX 2,54 (0.100) 
(0.018 + 0.003) NOM 


105° 








8,255 | 8,255 | 8,255 | 8,255 
gacigsay (0.325) | (0.325) | (0.325) | (0.325) 


Bins 19,56 | 22,86 | 24,38 | 32,00 
(0.770) | (0.900) | (0.960) | (1.260) 
7,645 | 7,645 | 7,645 | 7,645 
we (0. 301) (0.301) ] (0.301) | (0.301) 


TDimensions A, B, and C are applicable for both 16-pin 
cerdip and cerpak. 
NOTE A: Cerpak only 





ALL DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 
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600-mil cerpak (J suffix) 












g " ¢ 
MAX 
0,381 (0.015) MIN 
-—SEATING PLANE 
105° : rl 
90° 
0,25 + 0,025 -{}—- 0.457 + 0,102 0,813 (0.032) NOM 
(0.010 + 0.001) (0.018 + 0.004! 
cin Seabee 1,40 (0.055) MAX 
2.54 (0.100) NOM 

"15,88 15,88 

(0.625) | (0.625) 

32,77 37,85 

ee (1.280) | (1.490) 

15,24 15,24 - 

mee (0.600) | (0.600) 

ALL DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN (NCHES 
® 
2) 
a 3 
ry) 
2, 
re) 
2 
Oo 
® 
- 
ry 
Fy a) 
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MECHANICAL DATA 





plastic packages (N suffix) 





- EITHER C MAX 
OR BOTH 
INDEX MARKS 
5,08 (0.200) MAX 
D MIN 


| ,838 (0.033) NOM 


1,778 (0.070) MAX 





0,508 (0.020) nad 


—SEATING nee. 
J 0,457 + 0,076 —+|h— 


0,279 + 0,076 (0.018 + 0.003) || ] 


(0.011 + 0.003) PIN SPACING 


2,54 (0.100) NOM 
sma 


8,255 | 10,80 | 15,88 | 15,88 | 15,49 
6.9%) fos | 0920 | ors | 120 | 270 | 240 | 2.000 
(0.870) | (0.920) | (1.070) | (1.120) | (1.270) | (1.440) 
(0.270) | (0.270) | (0.270) | (0.355) | (0,550) { (0.550) | (0.550) 
3,175 3,175 3,175 
mm [eas jose) er |or25 6118 |r] 725) 

































ALL DIMENSIONS ARE IN MILLIMETERS. AND PARENTHETICALLY IN INCHES 
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MECHANICAL DATA 





16-pin plastic dual-in-line stacked packages 


INDEX 


re 
rf 


8,255 (0.325) 
MAX 
8,38 (0.330) 
MAX 





P 0,25 (0.01) 
i MIN 9,27 (0.365) 
MAX 


0,51 (0.020) 
MIN 


0,279 £0,076. 
(0.011+0.003) 





3,18 (0.125) 
MIN 


1,65 (0.65) 
MAX 


SRE PIN SPACING 
sore: 2,54 (0.100) NOM 


ALL DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 


2 ejeq jeoiueyooyy - 





3,76 (0. ) 
; 3,26 (0.128) 
(_\ 







: 







6,86 (0.270) 
MAX 


0.148 








1,02 (0.040) 
MIN 


0,25 (0.010) 
MIN 


1,78 (0.07) 
MAX 





, ij 
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MECHANICAL DATA 





26/20-lead plastic small outline J-lead surface mount package (DJ suffix) 


7,62 (0.300) 
OM 





8,51 (0.335) , 
| poe 0,813 (0.032) MAX = 


7 a 3 
3,3 (0.130) 
NOM 
—- SEATING PLANE— eaat 


0,46 (0.018) aa ; pleat (0.050) NOM 


ALL DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES “ 
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ah 


= e}eqg jediueyoojyy 


MECHANICAL DATA 





ceramic chip carrier packages 


ceramic chip carrier package (FE suffix) 






Al 


81 
17_16 15 14 13 


1,14 (0.045) 0,64 (0.025) 





0.89 (0.035) cow: 
3 CORNERS 8 (0.015) 
1,14 (0.048) Toes (0.026) - 
0,89 (0.035) X ~0,38 (0.015) 


1,40 (0.055) 


tayo be Pe 
0.71 (0.028) 1,27 (0.05) 


0,66 (0.022) 





NUMBER 
OF 
TERMINALS 







12,88 13,03 1,65 2,01 


8,76 9,02 13,84 14,10 7,80 7,95 
(0.345) (0.355) | (0.545) (0.555) | (0.307) (0.313) } (0.507) (0.513) | (0.065) (0.079) 
















11,30 11,56 13,84 14,10 10,34 13,03 12,88 13,03 1,65 2,01 


(0.445) (0.455) | (0.545) (0.555) {| (0.407) (0.513) | (0.507) (0.513) { (0.065) 





(0.079) 











ALL DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 
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MECHANICAL DATA 





ceramic chip carrier package (FG suffix) 





7,49 (0.296) 
7,24 (0.285) 
-— i (0. >| 
6,60 (0 20) >| 
Pf 
12 
13 10,41 (0.410) 
Pinas! Mall EI a td | 
10,16 (0.400) 
14 
10,92 (0.430) 
‘e 4 10,67 (0.420) 
16 3 
7184 
1.40 (0.055) 








0,99 (0.039) 


0,76 (0.030) 
0,56 (0.022) 


Sd 


2,29 (0.090) 
1,88 (0.074) 





76 (0.030) 1,85 (0.073) 
1,27 poo Le | [228 10.020 >| La sgsioor 55 (0.061 


ALL DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 
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MECHANICAL DATA 





plastic chip carrier packages 
18-lead plastic chip carrier package (FM suffix) 


8,31 (0.327) © 
8,05 (0.317) 


7,47 (0.294) 
7,26 (0.286) 








0,737 (0.029) 


13,38 (0.527) 
13,13 (0.517) 


SEATING PLANE 





3,53 (0.139) 
3,38 (0.133) 
3,28 (0.129) 


3,12 (0.123) 1,24 (0.049) 


1,09 (0.043) 
t 6,68 (0.263) 0,20 (0.008) NOM 
6,53 (0.257) 


11,76 (0.463) } 
11,61 (0.457) 


0,53 (0.021) 
0,43 (0.017) } 


= e}Jeg jeslueYyooy 


ALL DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 
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MECHANICAL DATA 





22-lead plastic chip carrier package (FM suffix) 


8,31 (0.327) 
8,05 (0.317) 


7,47 (0.294) 
7,26 (0.286) 


0.737 (0.029) 
0,660 (0.026) 






13,38 (0.527) 
13,13 (0.517) 


SEATING PLANE 









INDEX DOT 3,53 (0.139) 


3,38 (0.133) 
3,28 (0.129) 


12 (0.123, 
as 1,24 (0.049) 


1,09 (0.043) 


£ 6680263 ¢ 0,20 (0.008) NOM 


6,53 (0.257) 





1,27 (0.050) 
0,76 (0.0301) Co} _] 


TYP 


11,76 (0.463) } 
11,61 (0.457) 


0,53 (0.021) 
0,43 (0.017) } 


ALL DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 
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MECHANICAL DATA 





32-lead plastic chip carrier package (FM suffix) 


12,57 (0.495) 
12,32 (0.485) 











11,51 (0.453) _ 
11,35 (0.447) 


15,11 (0.595) 
14,86 (0.585) 







14,05 (0.553) 
13,89 (0.547) 






INDEX 
CORNER 






SEATING PLANE 


3,56 ees 





1,24 (0.049) 
09 (0.043) 


2 ejeg jedueyooyy 





ALL DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 
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MECHANICAL DATA 





plastic chip carrier package (FP suffix) 


8,31 (0.327) 
8,06 (0.317) 
7,34 (0.289) 
7,14 (0.281) 









11,86 (0.487) 


11,61 (0.457) | 0,686 (0.027) 


0,660 (0.026) 





INDEX CORNER 





10,90 (0.429) 
10,69 (0.421) 











INDEX DOT 


SEATING PLANE 






3,50 (0.138) 
3,40 (0.134) 


2,29 (0.090) 
TYP 1,12 (0.044) 
MAX 


6,48 (0.255) 0,74 (0.029) 
0,64 (0.026) 


1.27 (0.050) | 
Typ 0,76 (0.030) 
P 


10,03 (0.395) 


TYP Tt . 


1,59 (0.0625) 
7,49 (0.0586) 0,43 (0.017) 


Tye 


=r 


€ 
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15 


MECHANICAL DATA 





MECHANICAL DATA 


single-in-line packages (C, E, L, M, P, Q, U, V, W, and Y designators) - 


™ * 4256 : E L 2. = 15 


Package a a 


22-pin C single-in-line packaget 


56,00 (2.205) 


| 55,75 (2.195) 


11,4 (0.45) 


3,175 (0.125) MIN PIN SPACING 2,54 (0.100) T.P. 
(SEE NOTE A) 


ALL DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 


TThis package is used for the TM4164EC4, TM4256EC4, TM4256FC1, TM4257EC4, and TM4257FC1. 
tFor specific chip carrier orientation, see the pinout drawing for that device. 
NOTE A: Each pin centerline is located within 0,25 (0.010) of its true longitudinal position. 


e}Jeg jenUueyaL 


—_t 
—_ 
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5,08 (0.200) 


0,305 (0.012) 

0,203 (0.008} 
0,51 (0.020) 
0,41 (0.016) 





MECHANICAL DATA 





22-pin E single-in-line packaget 


61,09 (2.405) 
60,83 (2.395) 


SS eS B CLOUT Oo LS AU ES 
Sp EE eae EE RT a a EE ROE 
salilitiiiiona walilititileae rT HAT rnin 


8,89 =| 
MAX 


o> | 
YAY YAY YAY Yeseoom 


0,203 (0.008) 


3,175 (0.125) MIN PIN SPACING 2,54 (0.100) cde 0,51 (0.020) 


(SEE NOTE A) 0,41 (0.016) 


ALL DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 





tThis package is used for the TM4256HE4. 
NOTE A: Each pin centerline is located within 0,25 (0. 010) of its true longitudinal position. 


2 Mechanical Data 
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MECHANICAL DATA 





30-pin L single-in-line packaget 


78,87 (3.105) 


[ 78,61 (3.095) 6 bare aa 
| rq rm r- 
{ t 1 
16 ‘5 (0: 65) || ¢-4 bs L- 
0,305 (0.012) 
0.203 (0.008) 


ii 0,51 (0.020) 


3,175 (0.125) MIN 
(SEE NOTE A) 


ALL DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 





tThis package is used for the TM4164EL9, TM4164FL8, TM4256EL9, TM4256FL8, TM4257EL9, and TM4257FL8. 
tThis chip carrier is not present on the TM4164FL8, TM4256FL8, and TM4257FL8 packages. 
NOTE A: Each pin centerline is located within 0,25 (0.010) of its true longitudinal position. 


30-pin M single-in-line packaget 


89,03 (3.505) 6.08 (0.200) 
[8.7 18.498) 88,77 (3.495) aaa | | 


Sen orep revere | AL 1.37 10.054)_||,_ 


(SEE NOTE A) 
1,78 (0.070) TYP 


ALL DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 





TThis package is used for the TM4164FM8 and TM4164FM9. 
+This chip carrier is not present on the TM4164FM8 package. 
NOTE A: Each pin centerline is located within 0,25 (0.010) of its true longitudinal position. 


2 ejeg jesiueyooyy 
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MECHANICAL DATA 





30-pin P single-in-line package? 


89,03 (3.505) 
88,77 (3.495). 


LH} LU} tit —H i I H}— 
‘maelililitilna maelilitililime ‘anlilitiliteme one 


8,89 (0.350) TYP 


3,38 (0.133) Laoag - 


- CL} Pome & 
1,37 0.054) _| 
PIN SPACING 2,54 (0.100) T.P. 1,17 (0.046) 
(SEE NOTE A) 
. 1,78 (0.070) TYP 


ALL DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 


11,4 (0.45) 
MAX 


tThis package is used for the TM4256GP8 and TM4256GP9. 
*This chip carrier is not present on the TM4256GP8. 
NOTE A: Each pin centerline is located within 0,25 (0.010) of its true longitudinal position. 


35-pin P single-in-line packaget 


89,03 (3.505) 


88,77 (3.495) 98771349) is 508 (0,200) 


0,305 (0.012) 
0,203 (0.008) 


: 0,51 (0.020) 
0,41 (0.016) 
PIN SPACING 2,54 (0.100) T.P. 


(SEE NOTE A) 


3,175 (0.125) MIN 


ALL DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 





TThis package is used for the TM4161EP5. 
NOTE A: Each pin centerline is located within 0,25 (0.010) of its true longitudinal position. 
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MECHANICAL DATA 





24-pin Q single-in-line packaget 


68,70 (2.705) 5,08 (0.200) 
68,45 (2.695) MAX — | | 


11,4 (0.45) 


0,305 (0.012) 
0,203 (0.008) 


2.75 (0426)MIN PN SPACING 2.58 0.100)T-fe] ap O02 
(SEE NOTE A) 


ALL DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 





tThis package is used for the TM4164EQ5, TM4256EQ5, and TM4257EQ5. 
NOTE A: Each pin centerline is located within 0,25 (0.010) of its true longitudinal position. 


30-pin U single-in-line. packaget 


89,03 (3.606) 
. 08 (0.200 
"88,77 (3.495) 1 Saas i | 


SIGi8 58 a a a a 
1,37 (0.054) 
PIN SPACING 2,54 (0.100) T.P. 4 le j 1,17 aye oss 048) | le 
(SEE NOTE A) 


= 
@ 
o 
> 
o® 
2, 
7] 
o . 
s) 
o& 
o> 
® 


1,78 (0.070) TYP 


ALL DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 





tThis package js used for the TM4256GU8, TM4256GU9, TM4257GU8, and TM4257GU9. 
+This chip carrier is not present on the TM4256GU8 and TM4257GU8. 
NOTE A: Each pin centerline is located within 0,25 (0.010) of its true longitudinal position. 





%% 
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MECHANICAL DATA 





30-pin U single-in-line packaget 


5,08 ae 200) 


89,03 (3.505) 
[an 88,77 (3.495) a 


16,5 (0.65) 
MAX 


ae 
REISS eR aR Re RIS Slee sla e eae 
| z seroigi| salle 
PIN SPACING 2,54 (0.100) T.P. 1-17 10.046) 

(SEE NOTE A) 


1,78 (0.070) TYP 


ALL DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 





tThis package is used for the TM4416KU8. 
NOTE A: Each pin centerline is located within 0,25 (0.010) of its true longitudinal position. 


30-pin U single-in-line packaget 
5,08 (0.200) 


MAX 
89,03 (3.505) 


| 88,77 (3.495) | 


16,5 (0.65) 


(SEE NOTE A) 


1,78 (0.070) TYP: 


= 1,37 iota | 
PIN SPACING 2,54 (0.100) T.P. . 1.17 10.046) 


ALL DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 





tThis package is used for the TM4464LUB., 
’ NOTE A: Each pin centerline is located within 0,25 (0.010) of its true longitudinal position. 


2 Mechanical Data 
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MECHANICAL DATA 





30-pin V single-in-ine packaget 


78,87 (3.105) 
78,61 (3.095) 


( UUUUU 7) Y UUUUUT) ( UUUL 7) , UUUUU 7] 


11,4 (0.45) 


0,305 (0.012) 


0.203 (0.008) 
3,175 (0.125) MIN 0,51 (0. 0.020) || 


0,41 (0.016) 


PIN SPACING 2,54 (0.100) T.P. 
(SEE NOTE A) 


ALL DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 





tThis package is used for the TM4256GV8 and TM4256GV9. 
*This chip carrier is not present on the TM4256GV8. 
NOTE A: Each pin centerline is located within 0,25 (0.010) of its true longitudinal position. 


31-pin V single-in-line package t 


78,87 (3. 78,87 (3.105) 


5,08 (0.200) 
78,61 (3.095) MAX 


11,4 (0.45) 


0,305 (0.012) 
0,203 (0.008) 


PIN SPACING 2,54 (0.100) T.P. 0,51 (0.020) 


3,175 (0.125) MIN 
(SEE NOTE A) 0.41 (0.016) 





ALL DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 


tThis package is used for the TM4161EV4. 
NOTE A: Each pin centerline is located within 0,25 (0.010) of its true longitudinal position. 
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MECHANICAL DATA 





30-pin W single-in-line packaget 


5,08 (0.200) 
MAX 


89,03 (3.605) 


| 88,77 (3.496) 


1,37 (0.054) osu 
PIN SPACING 2,54 (0.100) T.P.- 1,17 (0.048) 


(SEE NOTE A) 1,78 (0.070) TYP 





ALL DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 


TThis package is used for the TM4161GW4. 
NOTE A: Each pin centerline is located within 0,25 (0.010) of its true longitudinal position. 


30-pin Y single-in-line package t 


76,33 (3.005) 


76,07 (2.995) 5,08 {0.200} 


11,4 (0.45) 


0,306 (0.012) 
0,203 (0.008) 


3,175 (0.125) MIN PIN SPACING 2,64 (0.100) T.P. 0.51 (0.020) 


(SEE NOTE A) 0,41 (0.076) 41 (0,016) 


ALL DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 





tThis package is used for the TM4161GY4. 
NOTE A: Each pin centerline is located within 0,25 (0.010) of its true longitudinal! position. 


ie) 
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a) 
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General Information 


_ Interchangeability Guide - 

_ Glossary/Timing Conventions/Data Sheet Structure - 
Dynamic RAMs. 
____Pynamic RAM Modules _ 


____EPROMs/PROMs | 


Applications Information _ 





Logic Symbols | 
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Guidelines for Handling Electrostatic-Discharge Sensitive (ESDS) 
Devices and Assemblies 


SCOPE 


This specification establishes the requirements for methods and materials used to protect electronic parts, devices, and 
assemblies (items) susceptible to damage or degradation from electrostatic discharge (ESD). The electrostatic charges referred 
to in this specification are generated and stored on surfaces of ordinary plastics, most common textile garments, ungrounded 
people’s bodies, and many other commonly unnoticed static generators. The passage of these charges through an electrostatic- 
sensitive part may result in catastrophic failure or performance degradation of the part. 


The part types for which these requirements are applicable include, but are not limited to, those listed: 


1) All metal-oxide semiconductor (MOS) devices, e.g., CMOS, PMOS, etc. 

2) Junction field-effect transistors (JFET) 

3) Bipolar digital and linear circuits 

4) Op Amps, monolithic microcircuits with MOS compensating networks, on-board MOS capacitors, or other MOS 
elements ; 

5) Hybrid microcircuits and assemblies containing any of the types of devices listed 

6) Printed circuit boards and any other type of assembly containing static-sensitive devices. 


Definitions 


. Antistatic material: ESD protective material having a surface resistivity between 109 and 10!4 Q/square. 

. Static dissipative material: ESD protective material having surface resistivity between 105 and 109 Q/square. 

. Conductive material: ESD protective material having a surface resistivity of 105 0/square maximum. 

. Electrostatic discharge (ESD): A transfer of electrostatic charge between bodies at different electrostatic potentials 

caused by direct contact or induced by an electrostatic field. 

5. Surface resistivity: An inverse measure of the conductivity of a material and is the resistance of unit length and 
unit width of a surface. Note: Surface resistivity of a material is numerically equal to the surface resistance between 
two electrodes forming opposite sides of a square. The size of the square is immaterial. Surface resistivity applies 

_ to both surface and volume conductive materials and has the dimension of 0/square. 

6. Volume resistivity: Also referred to:as bulk resistivity. It is normally determined by measuring the resistance 
(R) of a square of material (surface resistivity) and multiplying this value by the thickness (T). 

7. Ionizer: A blower that generates positive and negative ions, either by electrostatic means or by means of a radioactive 
energy source, in an airstream, and distributes a layer of low velocity ionized air over a work area to neutralize 
static charges. 

8. Close proximity: For the purpose of this specification, is 6 inches or less. 


WH 


Device Sensitivity per Test Circuit of Method 3015, MIL-STD-883 


Devices are categorized according to their susceptibility to damage resulting from electrostatic discharge (ESD), and 
the type packaging required to adequately protect them. 


1) Device electrostatic sensitivity: 


Category ESD Sensitivity (V) Minimum Protective Packaging 
A 20-2000 Antistatic Magazine & Conductive Bag/Box 
B > 2000 Antistatic Magazine & Antistatic Bag 


2) Devices are to be categorized by their sensitivity 
3) Devices are to be protected from ESD damage from receipt at incoming inspection through assembly, test and 
shipment of completed equipment. 
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s ESD Guidelines 


APPLICABLE REFERENCE DOCUMENTS 


The following reference documents (of latest issue) can provide additional information on ESD controls. 


1) MIL-M-38510 Microcircuits, General Specification 

2) MIL-STD-883 Test Methods and Procedures for Microelectronics 

3) MIL-S-19491 Semiconductor Devices, Packaging of 

4) MIL-M-55565 Microcircuits, Packaging of 

5) DOD-HDBK-263 Electrostatic Discharge Control Handbook for Protection 
6) DOD-STD-1686 Electrostatic Discharge Control Program 

7) NAVSEA SE 003-11-TRN-010 Electrostatic Discharge Training Manual 


FACILITIES FOR STATIC-FREE WORK STATION 


The minimum acceptable static-free work station shall consist of the work surface covered with an ESD protective material 
attached to ground through a 1 MQ. + 10% resistor, an attached grounding wrist strap with integral 1 MOQ + 10% resistor 
for each operator, and air ionizer(s) of sufficient capacity for each operator. The wrist strap shall be connected to the ESD 
protective material. Ground shall utilize the standard building earth ground, refer to Figure 1. Conductive floor tile along 
with conductive shoes may be used in lieu of the conductive wrist straps. The Site Safety Engineer must review and approve 
all electrical connections at the static-free work station prior to its implementation. 


Air ionizers shall be positioned so that the devices at the static-free work stations are within a 4-foot arc measured by 
a vertical line from the face of the ionizer and 45 degrees on each side of this line. 


General grounding requirements are to be in accordance with Table 1. 


ESD PROTECTIVE 
PERSONNEL TRAYS, ETC. 
GROUND STRAP 


ESD PROTECTIVE 
TABLE TOP 
OTHER 
ELEC. 
EQUIP. 
>! 


CHAIR 

WITH GROUND 

(OPTIONAL) ESD PROTECTIVE 
FLOOR MAT 


(OPTIONAL) 


“GROUND 52, 2250 2s 205 Oo 6208-0: $027 TR = 1 MEG 62 210% 1/2 WO 


7 ‘0 
PROV SN sh9040.2 SAS. "oR. ea oar Oe Sor oe "O10 B06 OY Vo Or VO OVA% 





All electrical equipment sitting on the conductive table top must be hard grounded but must be isolated from the conductive 
table top. 


NOTE: Earth ground is not computer ground or RF ground or any other limited type ground. 


Figure 1. Static-Free Work Station 
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GROUNDED TO 
COMMON POINT 


Handling Equipment/Handtools 


Table 1. General Grounding Requirements 
Metal Parts of Fixtures 


TREATED WITH ANTISTATIC SOLUTION 
OR MADE OF CONDUCTIVE MATERIAL 
x 
and Tools/Storage Racks 


aang Tiaveribe 


Soldering Irons/Bath 
Table Tops/Floor Mats 
Personnel 





x. 
Xx 
xX 
X Using Wrist Strap* 


“With 1 MQ + 10% resistor 
Usage of Antistatic Solution in Areas to Control the Generation of Static Charges 


The use of antistatic chemicals (antistats) should be a supplemental part of an overall organized ESD program. Any antistatic 
chemical application shall be considered as a means to reduce or eliminate static charge generation on nonconductive materials 
in the manufacturing or storage areas. ; 


The application of any antistatic chemical in a clean room of class 10,000 or less shall not be permitted. Accordingly, 
any user of antistatic solutions must consider the following precautions: 


1. Do not apply antistatic spray or solutions in any form to energized electrical parts, assemblies, panels, or equipment. 
2. Do not perform antistatic chemical applications in any area when bare chips, raw parts, packages, and/or personnel 
are exposed to spray mists and evaporation vapors. 


The need for initial application and frequency of reapplication can only be established through routine electrostatic voltage 
measurements using an electrostatic voltmeter. The following durability schedule is a reasonable expectation. 


1) Soft surfaces (carpet, fabric seats, foam padding, etc.): each 6 months or after cleaning, by spraying. 

2) Hard abused surfaces (floors, table tops, tools, etc.): each week (or day for heavy use) and after cleaning, by 
wiping or mopping. 

3) Hard unabused surfaces (cabinets, walls, fixtures, etc.): each 6 months or annually and after cleaning, by wiping 
or spraying. 

4) Company-furnished and-maintained clothing and smocks: after each cleaning, by spraying or adding antistatic 
concentrate to final rinse water when cleaned. 


The use of antistatic chemicals, their application, and compliance with all appropriate specifications, precautions, and 
requirements shall be the responsibility of the Area Supervisor where antistatic chemicals are used. 


ESD Labels and Signs in Work Areas 
' ESD caution signs at work stations and labels on static-sensitive parts and containers shall be consistent in color, symbols, 


class, and voltage sensitivity identification, and appropriate instructions. Signs shall be posted at all work stations performing 
any handling operations with static-sensitive items. These signs shall contain the following information. 


CAUTION 
STATIC CAN DAMAGE COMPONENTS 


Do not handle ESDS items unless grounding wrist strap is properly 
worn and grounded. Do not let clothing or plain plastic materials 
contact or come in close proximity to ESDS items. 





Labels shall be affixed to all containers containing static-sensitive items at a place readily visible and proper for the intended 
purpose. Additionally, labels must be consistently placed on containers and packages at a standard location to eliminate 
mishandling. Use only QC accepted and approved signs and labels to identify static-sensitive products and work areas. The 
use of ESD signs and labels, and their information content shall be the responsibility of the Area Supervisor to assure consistency 
and compatibility throughout the static-sensitive routing. 


12-5 





N | ESD Guidelines 


EB seuyjapind GS 


Relative Humidity Control 


Since relative humidity has a significant impact on the generation of static electricity, when possible, the work area should 
be maintained within the following relative humidity ranges: incoming/assembly/test/storage 50%-65% (ref. Ashrae, 55—74), 
within +5% to avoid static voltage monitor variations. 


PREPARATION FOR WORKING AT STATIC-FREE WORK STATION 


A work station with a conductive work surface connected to ground through a 1 MQ + 10% resistor, a grounding wrist 
strap with the ground wire connected to the conductive work surface, and an ionizer constitute a static-free work station 
(Figure 42). An operator is properly grounded when the wrist strap is in snug (no slack) contact with the bare skin, usually 
positioned on the left wrist for a right-handed operator. The wrist strap must be worn the entire time an operator is at a 
static-free work station. The operator should first touch the grounded bench top before handling static-sensitive items. This 
precaution should be observed in addition to wearing the grouding wrist strap. If possible, See should avoid touching 
leads or contacts even though grounded. 


CAUTION 


Personnel shall never be attached to ground without the presence 
of the 1 Mf. + 10% series resistor in the ground wire. 





An operator’s clothing should never make contact or come in close proximity with static sensitive items. They must 
be especially careful to prevent any static-sensitive items (being handled) from touching their clothing. Long sleeves must 
be rolled up or covered with antistatic sleeve protector banded to the bare wrist which shall ‘‘cage’’ the sleeve at least as 
far up as the elbow. Only antistatic finger cots may be used when handling static-sensitive items. 


Any person not properly prepared, while at or near the work station, shall not touch or come in close proximity with 
any static-sensitive items. It is the responsibility of the operator and the Area Supervisor to ensure that the static-free work 
area is clear of unnecessary static hazards, including such personal items as plastic coated cups or wrappers, plastic cosmetic 
bottles or boxes, combs, tissue boxes, cigarette packages, and vinyl or plastic purses. All work-related items, including 
information sheets, fluid containers, tools, and parts carriers must be those approved for use at the static-free work station. 


GENERAL HANDLING PROCEDURES AND REQUIREMENTS 


1. All static-sensitive items must be received in an antistatic/conductive container and must not be removed from 
the container except at static-free work station. All protective folders or envelopes holding documentation (lat 
travelers, etc.) shall be made of nonstatic-generating material. 

2. Each packing (outermost) container and package (internal or intermediate) shall have a bright yellow warning 
label attached, stating the following information or equivalent: 


CAUTION 
bh 


ELECTROSTATIC 


1 SENSITIVE 


STATIC-FREE WORKSTATION 





The warning label shall be legible and easily readable to normal vision at a distance of 3 feet. 

3. Static-sensitive items are to remain in their protective containers except when actually in work at the static-free 
Station. 

4. Before removing the items from their protective container, the operator should place the container on the conductive 
grounded bench top and make sure the wrist strap fits snugly around the wrist and is properly plugged into 
the ground receptacle, then touch hands to the conductive bench top. 

5. All operations on the items should be performed with the items in contact with the grounded bench top as much 
as possible. Do not allow conductive magazine to touch hard grounded test gear on bench top. 
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10. 


11. 


. Ordinary plastic solder-suckers and other plastic assembly aids shall not be used. 
. In cases where it is impossible or impractical to ground the operator with a wrist strap, a conductive shoe strap 


may be used along with conductive tile/mats. 


. When the operator moves from any other place to the static-free station, the start-up procedure shall be the 


same as in PREPARATION FOR WORKING AT STATIC-FREE WORK STATION. 


. The ionizer shall be in operation prior to presenting any static-sensitive items to the static-free station, and shall 


be in operation during the entire time period the items are at the station. 

‘*Plastic snow’’ polystyrene foam, ‘‘peanuts,’’ or other high-dielectric materials shall never come in contact 
with or be used around electrostatic sensitive items, unless they have been treated with an antistat (as evidenced 
by pink color and generation of less than + 100 volts). 

Static-sensitive items shall not be transported or stored in trays, tote boxes, vials, or similar containers made 
of untreated plastic material unless items are protectively packaged in conductive material. 


PACKAGING REQUIREMENTS 


Packaging of static-sensitive items is to be in accordance with Device Sensitivity, item 1). The use of tape and plain 
plastic bags is prohibited. All outer and inner containers are to be marked as outlined in GENERAL HANDLING 
PROCEDURES AND REQUIREMENTS, item 2, and conductive magazines/boxes may be used in lieu of conductive bags. 


SPECIFIC HANDLING PROCEDURES FOR STATIC-SENSITIVE ITEMS 


Stockroom Operations 


1. 


2: 


Containers of static-sensitive items are not to be accepted into stock unless adequately identified as containing 
static-sensitive items. 

Items may be removed from the protective container (magazine/bag, etc.) for the purpose of subdividing for 
order issue only by a properly grounded operator at an approved static-free station as defined in FACILITIES 
FOR and PREPARATION FOR WORKING AT STATIC-FREE WORK STATION. 


. All subdivided lots must be carefully repackaged in protective containers (magazine/bag, etc.) prior to removal 


from the static-free work station and labeled to indicate that the package(s) contain static-sensitive items. If it 
is suspected that a static-sensitive item is not adequately protected, do not transfer it to another container, return 
it to the originator for disposition unless the originator is a Customer. In that case, the QC Engineer should 
contact the Customer and negotiate an appropriate disposition. 


. It is the responsibility of the Stockroom Supervisor to ensure that all personnel assigned to this operation are 


familiar with handling procedures as outlined in this specification. A copy of this specification is to be posted 
in the vicinity so that it is accessible to the operators. Stock handlers and all others who might have occasion 
to move stock are to be instructed to avoid direct contact with unprotected static-sensitive items. 


Module and Subassembly Operations 


1. 


2. 


3. 


Static-sensitive items are not to be received from a stockroom, kitting, or machine insertion area unless received 
in approved static-protective packaging, and properly labeled to indicate that its contents are static sensitive. 
All single station, progressive line manual assembly operators, and visual inspectors prior to wave soldering 
Operations are to be properly grounded with a grounding wrist strap when handling static-sensitive items. 
Progressive lines used as single stations where operators will be working on a mix of boards, both static-sensitive 
and nonstatic-sensitive, will require that all operators working on the line be properly grounded. This is necessary 
to accommodate the sliding of static-sensitive boards along the assembly bench or across positions not engaged 
in the assembly of this type board. 


. It is the responsibility of the Area Supervisor to ensure that all personnel handling static-sensitive items are 


familiar with this procedure and fully aware of the damage or degradation of these units in the event of 
noncompliance. A periodic inspection should be made using an electrostatic voltmeter to assure that the static- 
free stations are in proper working order and to ensure that operators are wearing grounding wrist straps properly 
(snugly in contact with bare skin). 


12-7 


is ESD Guidelines 





7 seuljapind qSa 


Soldering and Lead-Forming Operations 


1. 


All soldering machines, conveyors, cleaning machines, and equipment shall be electrically grounded to ensure 
that they are at the same ground potential as the grounded operators working on their stations. No machine 
surfaces exposed to static-sensitive items are to be above the ground potential. 

All processing equipment shall be grounded, including all loading and unloading stations, that is, the stations 
before and after each piece of processing equipment. 

All nonmetallic, static-generating components in the handling systems shall be treated to ensure protection from 
Static. 

All stations shall be identified by posting signs as outlined in ESD Labels and Signs in Work Areas. 
Operators are to be properly grounded with a grounding wrist strap during any handling, loading, unloading, 
inspection, rework, or proximity to static-sensitive items. 

Unloading operators working at a grounded station shall place static-sensitive items into approved static-protective 
bags or containers. 

All manual soldering, repair, and touch-up work stations on the solder line are to be static protected. Operators 
are to wear grounding wrist straps when working on static-sensitive items. Only grounded-tip soldering/desoldering 
irons are allowed when working on static-sensitive items. 

It is the responsibility of the Area Spervisor to ensure that all personnel handling static-sensitive items are familiar 
with this procedure and fully aware of the damage or degradation of these units in the event of noncompliance. 
A periodic inspection should be made using an electrostatic voltmeter to assure that the static-free stations are 
in proper working order and to ensure that operators are wearing grounding wrist straps properly (comfortably 
snug in contact with bare skin). 


Electrical Testing Operations 
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Packing Operations 
1. 


2. 


3. 


All electrical test stations shall be static protected. Operators shall be properly grounded when working on these 
items. 

Reused antistatic magazines must be monitored for maintenance of antistatic characteristics. 

Devices should be in an antistatic/conductive environment except at the moment when actually under test. 
Devices should not be inserted into or removed from circuits or tester with the power on or with signals applied 
to inputs to prevent transient voltages from causing permanent damage. 

All unused input leads should be biased if possible. 

Device or module repairs must be performed at static-free stations with the operator attached to a grounding 
wrist strap. Grounded-tip soldering irons shall be used when working on static-sensitive items. 
Static-sensitive items shall be handled through all electrical inspections in static protective containers. Removal 
of the items from the protective containers shall be done at a static-free work station as discussed in 
PREPARATION FOR WORKING AT A STATIC-FREE WORK STATION. The units must be returned 


‘to the containers before leaving the station. 


All such items shall be shipped with an ESD warning label affixed as listed. 

It is the responsibility of the Area Supervisor to ensure that all personnel handling static-sensitive items are 
familiar with this procedure and fully aware of the damage or possible degradation of these units in the event 
of noncompliance. A periodic inspection should be made using an electrostatic voltmeter to assure that the static-free 
stations are in proper working order and to ensure that operators are wearing eee straps properly (snugly 
in contact with bare skin). 


Static-sensitive items are not to be accepted into the packing area unless they are contained in a static-protected 
bag or conductive container. 

A Static-sensitive item delivered to the packer within an approved container or bag and found to be in order 
regarding identification shall be packed in the standard shipping carton or other regular packaging material. 
Containers are to be labeled in accordance with GENERAL HANDLING PROCEDURES AND 
REQUIREMENTS, item 2. 

Any void-fillers shall be made of an approved antistatic material. 


Burn-In Operations 


1. Burn-in board loading and unloading of static-sensitive items shall be done at a static-free station. 

2. Shorting clips/shorted connectors shall be installed on the board plug-in tab prior to loading any units into the 
board sockets. The clip/connector shall be taken off just prior to plugging the board into the oven connector. 
The clip/connector shall be installed immediately upon removal of the board from the oven connector. 
Installation and removal of the clip/connector shall be done by a properly grounded operator. 

3. All automatic or semiautomatic loading and unloading equipment shall be properly electrically grounded. 

4. It is the responsibility of the Area Supervisor to ensure that all personnel handling static-sensitive items are 
familiar with this procedure and fully aware of the damage or possible degradation of these units in the event 
of noncompliance. A periodic inspection should be made using an electrostatic voltmeter to assure that the static-free 
stations are in proper working order and to ensure that operators are wearing grounding straps properly (snugly 
in contact with bare skin). 


CUSTOMER RETURNED ITEM HANDLING PROCEDURE 


Receipt of ESDS-labeled items is to be done at a static-free work station and handled in accordance with applicable sections 
within this guideline. , 


QUALITY CONTROL PROVISIONS 


Sampling 


Each manufacturing, stockroom, and testing operation handling ESDS devices will be audited a minimum of once each 
quarter for compliance with all terms of this specification by the responsible process control or QRA organization. Ground 
continuity and the presence of uncontrolled static voltages are considered critical and shall be checked more frequently as 


specified below. 
Ground Continuity (minimum of once a week). 

Ground connections (grounding wrist strap, ground wires on cords, etc.) shall be checked for electrical continuity. The 
presence of a 1 MQ. +10% resistor in the ground connections between both the operator wrist straps to the work surface 
and the work surface to ground connector must be verified. 

Grounded Conditions (minimum of once a week). 

A visual inspection shall be made to determine full compliance with this specification at static-free work stations during 
handling of static-sensitive items, including operator being grounded as required, static-sensitive items not being handled 
in unprotected or unauthorized areas, and no static-generating materials at the grounded work station. 


Sleeve Protectors (minimum of once a week). 


A visual check shall be made to determine that each operator wearing loose-fitting or long-sleeved clothing either has 
sleeves properly rolled or covered with sleeve protectors properly grounded to the bare skin at the wrist. 


Static Voltage Levels (minimum of once a week). 


In addition to the visual inspections, a sample inspection using an electrostatic voltmeter will be used to check for 
uncontrolled electrostatic voltages at or near electrostatic-controlled work stations. 


Conductive Floor Tiles (minimum of once a month). 
Conductive floors must have a resistance of not less than 25 kQ. from any point on the tile to earth ground. Also, resistance 


from any point-to-point on the tile floor 3 feet apart shall be not less than 25 kQ. The test methods to be used are 
ASTM-F-150-72 and NFPA 56. 
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Records 


Written records must be kept of all these QC audits. 


TRAINING 


Training is applicable for all areas where individuals come in contact with ESDS (category A) devices. It is the responsibility 
of each Area Supervisor to make sure that his/her people receive ESD training initially and every 12 months thereafter to 
maintain proficiency. Training should include static fundamentals, a review of applicable parts of this specification, and actual 
applications in the work area. 
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TI Sales Offices 


ALABAMA: Huntsville (205) 837-7530. 


ARIZONA: Phoenix (602) 995-1007; 
Tucson (602) 624-3276. 


CALIFORNIA: Irvine (714) 660-8187; 
Sacramento (916) 929-1521; 

San Diego (619) 278-9601; 

Santa Clara (408) 980-9000; 

Torrance (213) 217-7010; 

Woodland Hills (818) 704-7759. 


COLORADO: Aurora (303) 368-8000. 
CONNECTICUT: Wallingford (203) 269-0074. 


FLORIDA: Ft. Lauderdale (305) 973-8502; 
Maitland (305) 660-4600; Tampa (813) 870-6420. 


GEORGIA: Norcross (404) 662-7900. 
ILLINOIS: Arlington Heights (312) 640-2925. 


“ INDIANA: Ft. Wayne (219) 424-5174; 
Indianapolis (317} 248-8555. 


IOWA: Cedar Rapids (319) 395-9550. 
MARYLAND: Baltimore (301) 944-8600. 
MASSACHUSETTS: Waltham (617) 895-9100. 


MICHIGAN: Farmington Hills (313) 553-1500; 
Grand Rapids (616) 957-4200. 


MINNESOTA: Eden Prairie (612) 828-9300. 


MISSOUAI: Kansas ele (816) 523-2500; 
St. Louis (314) 569-76 


NEW JERSEY: Iselin (201) 750-1050. 
NEW MEXICO: Albuquerque (505) 345-2555. 


NEW YORK: East Syracuse (315) 463-9291; 
Endicott (607) 754-3900; Melville (516) 454-6600; 
Pittsford (716) 385-6770; 

Poughkeepsie (914) 473-2900. 


NORTH CAROLINA: Charlotte (704) 527-0930; 
Raleigh (919) 876-2725. 


OHIO: Beachwood (216) 464-6100; 
Dayton (513) 258-3877. 


OKLAHOMA: Tulsa (918) 250-0633. 
OREGON: Beaverton (503) 643-6758. 


PENNSYLVANIA: Ft. Washington (215) 643-6450; 
Coraopolis (412) 771-8550. 


PUERTO RICO: Hato Rey (809) 753-8700 


TEXAS: Austin (512) 250-7655; 
Houston (713) 778-6592; Richardson (214) 680-5082; 
San Antonio (512) 496- 1779. 


UTAH: Murray (801) 266-8972. 

VIRGINIA: Fairfax (703) 849-1400. 
WASHINGTON: Redmond (206) 881-3080. 
WISCONSIN: Brookfield (414) 785-7140. 


CANADA: Nepean, Ontario (613) 726-1970; 
Richmond Hill, Ontario (416) 884-9181; 
St. Laurent, Quebec (514) 334-3635. 


TI Regional 
Technology Centers 


CALIFORNIA: Irvine (714) 660-8140, 
Santa Clara (408) 748-2220. 


GEORGIA: Norcross (404) 662-7945. 
ILLINOIS: Arlington Heights (312) 640-2909. 
MASSACHUSETTS: Waltham (617) 895-9197. 
TEXAS: Richardson (214) 680-5066. 
CANADA: Nepean, Ontario (613) 726-1970 


Customer 
Response Center 


TOLL FREE: (800) 232-3200 


OUTSIDE USA: (214) 995-6611 
:00 a.m. — 5:00 p.m. CST) 


TI Distributors 


TES HORIZED DISTRIBUTORS IN 
Arrow Electronics 
Diplomat Electronics 
General Radio Supply Company. 
Graham Electronics 
Harrison Equi pment Co. 
International Electronics 
JACO Electronics 
Kierulff Electronics 
LCOMP, Incorporated 
Marshall Industries 
Milgray Electronics 
Newark Electronics 
Time Electronics 
R.V. Weatherford Co. 
Wyle Laboratories 


Tl AUTHORIZED DISTRIBUTORS IN 
CANADA 
Arrow Electronics Canada 
Future Electronics 
ITT Multicomponents 
L.A. Varah, Ltd. 


Te ericeD DISTRIBUTORS IN 
‘ —OBSOLETE PRODUCT ONLY— 
Rochester Electronics, Inc. 
Wakefield, Massachusetts 
(617) 245-2941 


ALABAMA: Arrow (205) 882-2 
Kierulff (205) 883-6070; Marshall '205) 881-9235. 


ARIZONA: Arrow (602) 968-4800; 
Kierulff (602) 243-4101; Marshall (602) 968-6181; 
Wyle (602) 866-2888. 


CALIFORNIA: Los So tyres ct County: 
Arrow (818) 701-7500, (714) 838-5422; 


Kierutff (213) 725-0325, (714) 731. Sri 714) 220-6300; 


Marshall (818) 999- 5001, (818) 442 

(714) 660-0951; R.V. Weatherford (714) 634-9600, 
(213) 849-3451, Wyle (213) 322-8100, (818) 880-9001, 
(714) 863-9953; Sacramento: Arrow (916) 925-7456; 
Marshall (916) 635-9700; 

Wyle (916) 638-5282; San rg Arrow 

(619) 565-4800; Kierulff (619) 278-2112; 

Marshall (619) 578-9600; Wyle (619) 565-9171; 

San Francisco Bay Area: Arrow (408) 745-6600; 
(415) 487-4600; Kierulff (408) 971-2600; 

Marshall (408) 943-4600; Wyle (408) 727-2500; 


COLORADO: Arrow (303) 696-1111; 
Kierulff (303) 790-4444; Wyle (303) 457-9953. 


CONNECTICUT: Arrow (203) 265-7741; 
Diplomat (203) 797-9674; Kierulff (203) 265-1115; 
Marshall (203) 265-3822; Milgray (203) 795-0714. 


FLORIDA: Ft. Lauderdale: Arrow (305) 429-8200; 
Diplomat (305) 974-8700; Kierulff (305) 486-4004; 
Orlando: Arrow (305) 725-1480; 

Milgray (305) 647-5747; Tampa: 

Arrow (813) 576-8995; Diplomat (813) 443-4514; 
Kierulff (813) 576- 1966. 


TEXAS 
INSTRUMENTS 


Creating useful products 
and services for you. 


GEORGIA: Arrow (404) 449-8252; 
Kierulff (404) 447-5252; Marshall (404) 923- 5750, 


ILLINOIS: Arrow (312) 397-3440; 
Diplomat (312) 595-1000; Kierulff (312) 250-0500; 
Marshall (312) 490-0155; Newark (312) 784-5100. 


INDIANA: Indianapolis: Arrow (317) 243-9353; 
Graham (317) 634-8202; Marshall (317) 297- 0483; 
Ft. Wayne: Graham (219) 423-3422. 


IOWA: Arrow (319) 395-7230. 


KANSAS: Kansas City: Marshall (913) 492-3121; 
Wichita: LCOMP (316) 265-9507. 


MARYLAND: Arrow (301) 995-0003; 
Diplomat (301) 995-1226; Kierulff (301) 636-5800; 
Milgray (301) 793-3993; Marshall (301) 840- 9450. 


MASSACHUSETTS: Arrow (617) 933-8130; 
Diplomat (617) 935-6611; Kierulff (617) 667: 8331; 
Marshall (617) 272-8200; Time (617) 532-6200. 


MICHIGAN: Detroit: Arrow (313) 971-8220; 
Marshall (313) 525-5850; Newark (313) 967-0600; 
Grand Rapids: Arrow (616) 243-0912. 


MINNESOTA: Arrow (612) 830-1 
Kierulff (612) 941-7500; Marshall ( 612) 559-2211. 


MISSOURI: Kansas City: Peres (816) 221-2400; 
St. Louis: Arrow (314) 567-6 
Kierulff (314) 739-0855. 


NEW HAMPSHIRE: Arrow (603) 668-6968. 


NEW JERSEY: aoe (201) 575-5300, (609) 596-8000; 
Diplomat (201) 785-1830; 

General Radio (609) 964-8560; peonulet ay 575-6750; 
(609) 235-1444; Marshall (201) 882-0 

(609) 234-9100: Milgray (609) eBaS0t0. 


NEW MEXICO: Arrow (505) 243-4566; 
International Electronics (505) 345-8127. 


NEW YORK: Long Island: Arrow (516) 231-1000; 
Diplomat (516) 454-6400; JACO (516) 273-5500; 
Marshall (516) 273-2053; Milgray (516) 420- 9800; 
Rochester: (716) 427-0300; 

Marshall (716) 235- Tate 

Syracuse: Arrow (315) 652-1000; 

Diplomat (315) 652- $00 farsa (607) 798-1611. 


NORTH CAROLINA: Arrow (919) 876-3132, 
(919) 725-8711; Kierulff (919) 872-8410; 
Marshall (919) 878-9882. 


OHIO: Cincinnati: Graham (513) 772-1661; 

Cleveland: Arrow (216) 248-3990 

Kierulff (216) 587-6558; Marshall (216) 248-1788. 
Columbus: Arrow (614) 885-8362; 

Dayton: Arrow (513) 435-! 5563; Graham (513) 435-8660; 
Kierulff (513) 439-0045; Marshall (513) 236-8088. 


OKLAHOMA: Arrow (918) 665-7700; 
Kierulff (918) 252-7537. 


OREGON: Arrow (503) 684-1 
Kierulff (503) 641-9153; Wyle. (503) 640-6000; 
Marshall (503) 644-5050. 


PENNSYLVANIA: Arrow (412) 856-7000, 
(215) 928-1800; General Radio (215) 922-7037. 


RHODE ISLAND: Arrow (401) 431-0980 


TEXAS: Austin: Arrow (512) 835-4180; 

Kierutff (512) 835-2090; Marshall (512) 837-1991; 
Wyle (512) 834-9957; Dallas: Arrow (214) 380- 6464; 
International Electronics (214) 233-9323; 

Kierulff (214) 343-2400; Marshall (214) 233-5200; 
Wyle (214) 235-9953; 

El Paso: International ele (915) 598-3406; 
Houston: Arrow (713) 530-47 

Marshall (713) 789-6600; 

Harrison Equipment (713) 879-2600; 

Kierulff (713) 530-7030; Wyle aa 879-9953. 


UTAH: Diplomat (801) 486-413: 
Kierulff (801) 973-6913; Wyle (801) 974-9953. 


WASHINGTON: Arrow (206) 643-4800; 
Kierulff (206) 575-4420; Wyle (206) 453-8300; 
Marshail (206) 747-9100. 


WISCONSIN: Arrow (414) 792-0150; Kierulff 
(414) 784-8160. 


CANADA: oar ed Future (403) 235-5325; Varah 

(403) 255-9550; Edmonton: Future (403) 486-0974; 
Varah (403) 437-2755; Montreal: Arrow Canada 

(514) 735-5511; Future (514) 694-7710; ITT 
Muiticomponents (614) 735-1177; Nova Scotia: Varah 
(902) 465-2322; Ottawa: Arrow Canada (613) 226-6903; 
Future (613) 820- 8313; ITT Multicomponents 

(613) 226-7406; Varah (613) 726-8884; Quebec City: 
Arrow Canada (418) 687-4231; Toronto: Arrow Canada 
(416) 661-0220; Future (416) 638-4771; ITT 
Multicomponents (416) 736-1144; Varah 

(416) 842-8484; Vancouver: Future (604) 438-5545; 
Varah (604) 873- 3211; Winnipeg: Varah (204) ees 





TI Worldwide 
Sales Offices 


ALABAMA: Huntsville: 500 Wynn Drive, Suite 514, 
Huntsville, AL 35805, (205) 837-7530. 


ARIZONA: Phoenix: 8825 N. 23rd Ave., Phoenix, 
AZ 85021, (602) 995-1007. 


CALIFORNIA: Irvine: 17891 Cartwright Rd., trvine, 

CA 92714, (714) 660-8187; Sacramento: 1900 Point 

West Way, Suite 171, Sacramento, CA 95815, 

916) 929-1521; San Diego: 4333 View Ridge Ave., 
uite B., San Diego, CA 92123, (619) 278- 

Santa Clara: 5353 Betsy Ross Dr., Santa Clara, CA 

95054, (408) 980-9000; Torrance: 690 Knox St., 

Torrance, CA 90502, (213) 217-7010; Woodland Hills: 

21220 Erwin St., Woodland Hills, CA 91367, 

(818) 704-7759. 


COLORADO: Aurora: 1400 S. Potomac Ave., 
Suite 101, Aurora, CO 80012, (303) 368-8000. 


CONNECTICUT: Wallingford: 9 Barnes Industrial 
Park Rd., Barnes Industrial Park, Wallingford, 
CT 06492, (203) 269-0074. 


FLORIDA: Ft. Lauderdale: 2765 N.W. 62nd St., 

Ft, Lauderdale, FL 33309, (305) 973-8502; Maitland: 
2601 Maitland Center Parkway, Maitland, FL 32751, 
(305) 660-4600; Tampa: 5010 W. Kennedy Blvd, 
Suite 101, Tampa, FL 33609, (813) 870-6420. 


GEORGIA: Norcross: 5515 Spalding Drive, Norcross, 
GA 30092, (404) 662-7900 


ILLINOIS: Arlington He! nes a 515 W. Agenduin 
Arlington Heights, tL 60005, (312) 640-292! 


INDIANA: Ft. Wayne: 2020 Inwood Dr., Ft. Wayne, 
IN 46815, (219) 424-5174; Indianapolis: 2346 S. 
Lynhurst, Suite J-400, Indianapolis, IN 46241, 
(317) 248-8555, 


IOWA: Cedar Rapids: 373 Collins Rd. NE, Suite 200, 
Cedar Rapids, 1A 52402, (319) 395-9550. 


MARYLAND: Baltimore: 1 Rutherford PIl., 
7133 eee Rd., Baltimore, MD 21207, 
(301) 944-8600. 


MASSACHUSETTS: Waltham: 504 Totten Pond Rd., 
Waltham, MA 02154, (617) 895-9100. 


MICHIGAN: Farmington Hills: 33737 W. 12 Mile Rd., 
Farmington Hills, 48018, (313) 553-1500. 


MINNESOTA: Eden Prairie: 11000 W. 78th St., 
Eden Prairie, MN 55344 (612) 828-9300. 


MISSOURI: Kansas City: 8080 Ward Pkwy., Kansas 
City, MO 64114, (816) 523-2500; St. Louls: 

11861 Westline Industrial Drive, St. Louis, 

MO 63141, (314) 569-7600. 


NEW JERSEY: Iselin: 485E U.S. Route 1 South, 
Parkway Towers, Iselin, NJ 08830 (201) 750-1050 


NEW MEXICO: Albuquerque: 2820-D Broadbent Pkwy 
NE, Albuquerque, NM 87107, (505) 345-2555. 


NEW YORK: East Syracuse: 6365 Collamer Dr., East 
Syracuse, NY 13057, (315) 463-9291; Endicott: 112 
Nanticoke Ave., P.O. Box 618, Endicott, 

NY 13760, (607) 754-3900; Melville: 1 Huntington 
Quadrangle, Suite 3C10, P.O. Box 2936, Melville, 
NY 11747, (516) 454-6600; Pittsford: 2851 Clover 'st., 
Pittsford, 'NY 14534, (716) 385-6770; cougmenyele: 
385 South Rd., Poughkeepsie, NY 12601, 

(914) 473-2900. 


NORTH CAROLINA: Charlotte: 8 Woodlawn Green, 
Woodlawn RAd., Charlotte, NC 28210, (704) 527-0930; 
rides Ae 2809 Highwoods Bivd., Suite 100, Rateigh, 
NC 27625, (919) 876-2725. 


OHIO: Beachwood: 23408 Commerce Park Rd., 
Beachwood, OH 44122, (216) 464-6100; Dayton: 
Kingstey Bidg., 4124 Linden Ave., Dayton, OH 45432, 
(513) 258-387 


OKLAHOMA: Tulsa: 7615 East 63rd Place 
3 Memorial Place, Tulsa, OK 74133, (918). 250-0633. 


OREGON: Beaverton: 6700 SW 105th St., Suite 110, 
Beaverton, OR 97005, (503) 643-6758. 


PENNSYLVANIA: Ft. bettas oo New York Dr., 
Ft. Washington, PA 19034, (215) 643-6450; 
Coraopolis: 420 Rouser Rd., 3 eke Office Park, 
Coraopolis, PA 15108, (412)' 771-8550. 


PUERTO RICO: Hato Rey: Mercantil Plaza Bidg., 
Suite 505, Hato Rey, PR 00919, (809) 753-8700. 


TEXAS: Austin: 12501 Research Blvd., 

P.O. Box 2909, Austin, TX 78723, (12) 250-7655; 
Richardson: 1001 E. Campbell Ri 

Richardson, TX 75080, 

(214) 680-5082; Houston: 9100 Southwest Frwy., 
Suite 237, Houston, TX 77036, (713) 778-6592; 
San Antonio: 1000 Central Parkway South, 

San Antonio, TX 78232, (512) 496-1779. 


UTAH: Murray: 5201 South aol SE, Suite 200, 
Murray, UT 84107, (801) 266-8972. 


VIRGINIA: Fairfax: 3001 Prosper?’ Fairfax, VA 
22031, (703) 849-1400. 


WASHINGTON: Redmond: 5010 148th NE, Bidg B, 
Suite 107, Redmond, WA 98052, (206) 881-3080. 


WISCONSIN: Brookfield: 450 N. Sunny Slope, 
Suite 150, Brookfietd, Wt 53005, (414) 785-7140. 


CANADA: Nepean: 301 Moodie Drive, Maliorn 

Center, Nepean, Ontario, Canada, K2H9C4, 

613) 726-1970. Richmond Hill: 280 Centre St. E., 
ichmond Hill L4C0181, Ontario, Canada 

(416) 884-9181; St. Laurent: Ville St. Laurent Quebec, 

9460 Trans Canada Hwy., St. Laurent, Quebec, 

Canada H4S1R7, (514) 334-3635. 


ARGENTINA: Texas Instruments Argentina 
S.A1.C.F.: Esmeralda 130, 15th Floor, 1035 Buenos 
Aires, Argentina, 1+ 394-3008. 


AUSTRALIA (& NEW ZEALAND): Texas Instruments 

Australia Ltd.: 6-10 Talavera Rd., North Ryde 

(Sydney), New South Wales, Australia 21 13, 

2 + 887-1122; 5th Floor, 418 St. Kilda Road, 

Melbourne, Victoria, Australia 3004, 3 + 267-4677; 

a ul eal Highway, Elizabeth, South Australia 5112, 
+ 


AUSTRIA: Texas Instruments Ges.m.b.H.: 
Industriestrabe B/16, A-2345 BrunniGebirge, 
2236-846210. 


BELGIUM: Texas Instruments N.V. Belgium S.A.: 
Mercure Centre, Raketstraat 100, Rue de ta Fusee, 
1130 Brussels, Belgium, 2/720.80.00. 


BRAZIL: Texas Instruments Electronicos do Brasil 
Ltda.: Rua Paes Leme, 524-7 Andar Pinheiros, 05424 
Sao Paulo, Brazil, 0815-6166. 


DENMARK: Texas tnstruments A/S, ieee 
46E, DK-2730 Herlev, Denmark, 2 - 91 7 


FINLAND: Texas Instruments Finland OY: 
Toollsuyskatu 19D 00511 Helsinki 51, Finland, (90) 
1- ls 


FRANCE: Texas Instruments France: Headquarters 
and Prod. Plant, BP 05, 06270 Villeneuve-Loubet, 

(93) 20-01-01; Paris Office, BP 67 8-10 Avenue 
Morane-Saulnier, 78141 Velizy-Villacoublay, 

(3) 946-97-12; Lyon Sales Office, L’Oree D'Ecully, 
Batiment B, Chemin de ta Forestiere, 69130 Ecully, 
(7) 833- 04-40; Strasbourg Sales Office, Le Sebastopol 
3, Quai Kleber, 67055 Strasbourg Cedex, 

(88) 22-12-66; Rennes, 23-25 Rue du Puits Mauger, 
35100 Rennes, (99) 31-54-86; Toulouse Sales Office, 
Le penpoie. 2s Chemin du Pigeonnier de la Cepiere, 
34100 Toulouse, (61) 44-18-19; Marseille Sales Office, 
Noilly Paradis—146 Rue Paradis, 13006 Marseille, 
(91) 37-25-30. 
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GERMANY (Fed. Republic of Germany): Texas 
Instruments Deutschland GmbH: Haggertystrasse 1, 
D-8050 Freising, 8161 + 80-4591; Kurfuerstendamm 
195/196, D-1 "Bertin 15, 30 + 882- 7365; Il, Hagen 
43/Kibbelstrasse, .19, D-4300 Essen, 201- -24250; 
Frankfurter Allee 6- 8, 06236 Eschborm 1, 

06196 + 8070; Hamburgerstrasse 11, D-2000 Hamburg 
76, 040 + 220- 1154, Kirchhorsterstrasse 2, D-3000 
Hannover 51, 5114648021; Maybachstrabe 11, 
D-7302 Ostfildern 2- Nelingen, 711 + 547001; 

Mixikoring 19, D-2000 Hamburg 60, 40 +637 +0061; 
Postfach 1309, Roonstrasse 16, D- 5400 Koblenz, 

261 + 35044. 


HONG KONG (+ PEOPLES REPUBLIC OF CHINA): 
Texas Instruments Asia Ltd., 8th Floor, World 
Shipping Ctr., Harbour City, 7 Canton Rd., Kowloon, 
Hong Kong, 3 + 722-1223. 


IRELAND: Texas Instruments (Ireland) Limited: 
pha A Rd., Stillorgan, County Dublin, Eire, 
1 831 


ITALY: Texas Instruments Semiconduttori Italia Spa: 
Viale Delle Scienze, 1, 02015 Cittaducale (Rieti), 
Maly, 746 694.1; Via Salaria KM 24 (Palazzo Cosma), 
Monterotondo Scalo (Rome), Italy, 6 + 9003241; Viale 
Supe 38-44, 20083 Cologno Monzese (Milano), 

2 2532541; Corso Svizzera, 185, 10100 Torino, Italy, 
eee Via J. Barozzi 6, 40100 Bologna, italy, $1 


eon Texas Instruments Asia Ltd.: 4F Aoyama 

Full Bidg., 6-12, Kita Aoyama 3- Chome, Minato-ku, 
okyo, Japan 107, 3-498-2111; Osaka Branch, 5F, 

Nisno (wai Bidg., 30 Imabashl 3- Ch home, 

Higashi-ku, Osaka, Japan 541, 06-204-1881; Nagoya 

Branch, 7F Daint Toyota West Bldg., 10- 27, Meieki 

4 Chome, Nakamura-ku Nagoya, Japan 

450, 52- 583-8691. 


KOREA: Texas Instruments Supply Co.: 3rd Floor, 
Samon Bidg., Yuksam- Pong. canoer: “ku, 
135 Seoul, Korea, 2+ 462 


MEXICO: Texas instruments de Mexico S.A.; Mexico 
City, AV Reforma No. 450 — 10th Floor, Mexico, 
., 06600, 5 + 514-3003. 


MIDDLE EAST: Texas Instruments: No. 13, 1st Floor 
Mannai Bidg., Diplomatic Area, P.O. Box 
Manama Bahrain, Arabian Gulf, 973 + 274681. 


NETHERLANDS: Texas Instruments Holland B.V., 
P.O. Box 12995, (Bullewijk) 1100 CB Amsterdam, 
Zuid-Oost, Holland 20 + 5602911. 


NORWAY: Texas Instruments Norwa 
Refstad 131, Oslo 1, Norway, (2) 15: 


PHILIPPINES: Texas tnstruments Asia Ltd.: 14th 
Floor, Ba- Lepanto Bldg. 8747 Paseo de Roxas, 
Makati, Metro Manila, hilippines, 2 + 8188987. 


PORTUGAL: Texas Instruments Equipamento 
Electronico (Portugal), Lda; Rua Eng. Frederico 
Ulrich, 2650 Moreira Da Maia, 4470 Maia, Portugal, 
2-948-1003. 


SINGAPORE (+ INDIA, INDONESIA, MALAYSIA, 
THAILAND): Texas Instruments Asia Ltd.: 12 Lorong 
Bakar Batu, Unit 01-02, Kolam Ayer Industria! Estate, 
Republic of Singapore, 747-2255. 


SPAIN: Texas Instruments Espana, S.A.: CiJos 
Lazaro Galdiano No. 6, Madrid 16, 1/458.14. 3B 


SWEDEN: Texas Instruments International Trade 
Corporation (Sverigefilialen): Box 39103, 10054 
Stockholm, Sweden, 8 - 235480. 


SWITZERLAND: Texas Instruments, Inc., Reidstrasse 
6, CH-8953 Dietikon (Zuerich) Switzerland, 
1-740 2220. 


TAIWAN: Texas Instruments Supply Co.: Room 903, 
205 Tun Hwan Rd., 71 Sung-Kian erty Taipei, 
Taiwan, Republic of China, 2 + 521-9. 


A/S: PB106, 
90, 


UNITED KINGDOM: Texas Instruments Limited: 
Manton Lane, Bedford, MK41 7PA, England, 0234 
67466; St. James House, Wellington Road North, 
Stockport, SK4 2RT, England, 61 + 442-7162. 
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